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“Infiltrating”’ Science into Industry 


EFLECTING his own distinguished career and inter- 

twined interests, SiR ALEXANDER FLECK, F.R.S., chose 
for his Presidential Address to the British Association the 
subject “Science and Business: A Balanced Partnership.” 
Starting from the vital premise that we must concentrate 
on developing new products and processes, Sir ALEXANDER 
discussed some implications. In a technological business 
it is obvious that scientists should carry out research. But 
science is equally needed in design and construction, and 
on the commercial side. “There is scope then,” said Sir 
ALEXANDER, “for the scientist to infiltrate throughout 
almost the whole business structure.” This is not likely 
to upset the balance between science and business. As 
British industry is at present constituted, the balance is 
heavily tilted the other way. There are still many enter- 
prises which are not employing qualified technical men 
even in tasks where one would expect to find them, and 
conversely there are no industries that appear to be harm- 
fully dominated by scientists. Furthermore, in businesses 
where scientists rightly play a prominent part in admini- 
stration, non-technical men who nevertheless have a good 
understanding of scientific principles, are with advantage 
sometimes put into semi-technical jobs, and this helps to 
maintain a balanced partnership. Third, and most 
important, the balance that we seek must come in great 
measure from within the individual himself, a balance 
provided by the education which the scientist and the 
non-scientist ought to receive. 

Thus the final conclusion of this practical preacher was 
that science and business must be partners: the advance- 
ment of science can only be achieved with the resources 
which business can provide and, if business is to provide 
them, then it must bring science to its aid. A truly 
balanced partnership will manifest itself in the growing use 
of science and its methods in business; and it can only 
come from a balanced education for scientists and business 
men alike. 


New Heat Transfer Problems 
Challenge the Engineers 


ITH the coming of new industries such as electronics, 

aircraft engineering, nuclear and chemical engineer- 
ing, quite new kinds of heat transfer problems arise, or 
at any rate unexpected developments of old problems. 
Consequently, scientists and engineers are trying to solve 
new problems and consolidate the background of the sub- 
ject at the same time. This was the keynote of PROFESSOR 
O. A. SAUNDERS, F.R.S., in his Presidential Address to the 
Engineering Section at the same meeting. Starting at rock 
bottom, the review opened with a re-assertion of the 
definition of heat “as a transient process of flow between 
systems of different temperature” and not as a property 
of a system. In the field of theory of transferring heat 
it was noted as rather remarkable that only during the last 
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D [ G E $T OF INDUSTRIAL AND TECHNICAL DEVELOPMENTS 


few months has a new extension of dimensional analysis 
come to light. This is the method of dimensional analysis 
based on the consideration of vectorial lengths in, say, 
the three directions of Cartesian coordinates as indepen- 
dent fundamental units instead of using only one unit of 
length as in ordinary dimensional analysis. This imme- 
diately leads, for laminar flows to the relation 
Nu/¥V (Re)=f(Pr) for forced convection and to 
Nu/ ¥ (Gr)=F(Pr) for free convection. There is an 
interesting extension to cases of combined forced and free 
convection by including an additional independent variable 
group Re*/Gr on the right-hand side. In applied fields it 
was possible to point to achievements and problems in 
regenerator design, high-speed heat transfer, dropwise 
condensation, effusion cooling and the use of liquid metals. 
This masterly group of surveys concluded with a plea for 
more experimental work. This can be of two kinds. 
First, we need careful experiments under controlled con- 
ditions to evaluate physical properties and the experi- 
mental constants of phenomena such as_ turbulent 
convection. Secondly, we need more experimental obser- 
vation of what is happening in actual appliances. In heat 
transfer experimental measurements are not easy, and 
there are plenty of opportunities awaiting the young 
research physicist and engineer. 


Materialist Levitation 


O field appears to be immune from scientific intrusion. 

As long ago as 1952, a research worker derived an 
equation for the forces on a body with no visible means 
of support. It was in fact a relationship giving the 
levitation force on a sphere suspended between two 
co-axial loops. A paper* at the recent Australian 
Symposium on the Peaceful Uses of Atomic Energy dis- 
cussed further developments of this work by employing 
high-frequency currents for simultaneously lifting and 
heating metals. Levitation of a metal or other conductor 
results when a diverging field produced by a high- 
frequency current in a suitably shaped coil is used to 
induce a current in the conducting material placed within 
the coil. The induced current not only heats the con- 
ductor, but by interaction with the field produces lifting 
and centralising forces. When a piece of metal is placed 
in the field of such a coil it floats and becomes hot, and 
may eventually melt. In such cases the molten mass 
appears to rotate very rapidly, and also tends to assume 
the contour of the coil. When the field strength is reduced 
the metal may be cast from the coil. At the School of 
Metallurgy of the New South Wales University of 
Technology, a versatile, controlled atmosphere levitation 
unit has been constructed. Mr Harris and his colleagues, 
working at this School, have pointed out the advantages 
of freedom from contamination, possibilities of remote 
handling and those of highly efficient mixing. Work has 
been done both in these laboratories and elsewhere on 
silver, titanium, aluminium and their alloys. Some of the 
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more interesting prospects are preparation of alloys of 
chemically reactive materials, thermodynamic studies of 
gas-metal reactions, vacuum fusion gas analysis and the 
study of nucleation phenomena in solidification of metals. 
It is evident that the levitation technique offers a number 
of unusual features which render it attractive as a research 
tool in the field of metallurgy. 

* “Levitation Heating and its Metallurgical Possibilities” by B. Harris, 

E. G. Price and A. E. Jenkins. 


New Qualification in Applied Chemistry 


N collaboration with the Royal Institute of Chemistry 

a new scheme has been arranged by the Ministry of 
Education for the award of Higher National Diplomas in 
chemistry and in applied chemistry. The qualification will 
be awarded on successful completion of full-time or sand- 
wich courses suitable for students who might otherwise 
be expected to obtain Higher National Certificates by 
part-time study and perhaps go further. These courses 
may be regarded as normally reaching a standard rather 
above that represented by the Higher National Certificate. 
They will allow sufficient time to enable the student to 
study under better conditions, to include some liberal 
studies, to extend his basis of science and mathematics 
and to co-ordinate and apply his chemical knowledge, 
possibly~ through suitable project work. These require- 
ments may be satisfied by two-year full-time or three-year 
sandwich courses. On admission the standard of the 
student should normally be equivalent to that represented 
by an Ordinary National Certificate. While this explana- 
tion generally indicates the position of the newcomer in 
the hierarchy of qualifications there is one surprisingly 
vague phrase in the Ministry’s new revised Rules 100 
(1958). “The content of the Diploma course should be 
designed to suit the students’ educational needs.” On the 
other hand a desirable option will be the suggestion that 
courses may include, in addition to the appropriate basic 
sciences, certain subjects for specialised study and also 
topics of more general application. Examples of the 
latter are chemical works economics, the chemical 
industry in world economy, and statistical methods in the 
service of the chemist. 

All special educational proposals however must be set 
against the warning concerning basic education just issued 
by the National Advisory Council on the Training and 
Supply of Teachers. “New decisions need to be made 
and urgent action taken” to provide more teachers. An 
adequate supply of candidates is confidently expected. The 
council recommend that 16,000 additional places should 
be provided in training colleges not later than Autumn, 
1962. The Minister of Education has replied that he is 
considering this advice as a matter of urgency and we 
understand that a statement is likely to be made very soon. 


“Cheap” Heavy Water 


NEW process developed by Constructors JoHN 

Brown Lp. is claimed to produce heavy water by 
means of “the ammonia hydrogen exchange process.” The 
extensive description issued is informatively vague and it 
appeared to be impossible to reach anyone to clarify 
matters. This process is said to comprise a new system 
of heavy water production from hydrogen which can be 
operated economically on a relatively small scale, for 
example, as an ancillary to the production of synthetic 
ammonia. The system is based on a combination of 
ammonia exchange and ammonia distillation. Heavy 
water can thus be produced as a by-product at relatively 
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low cost. In one instance the direct operating costs, leav- 
ing aside capital charges, would be less than one-third of 
the price announced by the U.S. Atomic Energy Com- 
mission for the sale of their product to approved pur- 
chasers. According to the designers, the ammonia 
hydrogen exchange process can extract the deuterium from 
any mixture of hydrogen provided that the gas is dry and 
free from acidic constituents. Where the ammonia syn- 
thesis gas has already been washed with liquid nitrogen 
there are no purification problems and no condensation of 
solid material can block equipment and cause shut-downs. 
Using this process any country with an expanding nuclear 
energy programme would be able to produce its own heavy 
water and an enquiry for a unit has already been made 
by India. 

At the U.K. Atomic Energy Authority we were informed 
that nothing is known about this new system. One 
spokesman—evidently strongly influenced by uncivil uses 
of atomic energy—even used the expression “the whole 
thing burst like a bomb on us.” 


-. + and a Rival Heavy Water Process 


EANWHILE a cryogenic engineering conference at 

Massachusetts Institute of Technology was apparently 
able to hear a rival point of view. The published pro- 
gramme announced a paper by T. M. FLYNN and 
colleagues on cryogenic distillation of hydrogen isotopes. 
It is based on pilot-plant studies following up earlier 
suggestions that this method of concentrating the naturally 
occurring hydrogen deuteride in a suitable source of 
hydrogen offers a feasible method for the large scale pro- 
duction of heavy water. Experimental work over the past 
three years has been aimed at establishing the necessary 
parameters for a small pilot plant designed to handle a 
feed of 12 to 18 SCFM and having a concentration factor 
of approximately 100 for the naturally occurring isotope. 
This paper presents some of the unusual features of 
separating hydrogen isotopes by distillation at 20°K on 
a semi-industrial scale and discusses the experimental 
results obtained. 

Other sections of the conference were devoted to 
cryogenic properties, equipment processes and application. 
All of them included valuable theoretical and practical 
material, but an unusual note was struck by H. E. AGEN 
and D. A. LEFFINGWELL. These workers reported on the 
design of a liquid air device for cooling the wearer of a 
totally enclosed liquid rocket propellant handler’s suit. 
It is capable of removing approximately 1500 Btu per hour 
and evaporating perspiration at the rate of 1.5 Ib. of 
water per hour. Investigation of cooling systems for these 
duties indicated that a liquid-air system presented the 
optimum solution. In addition to the coolant charac- 
teristics, a source of breathing air is supplied and positive 
pressure is created within the suit preventing the entrance 
of toxic fumes. 


Research on Underground Corrosion 


N important phase of corrosion work, at the U/S. 
National Bureau of Standards has been an extensive 

field burial programme to determine the specific behaviour 
of metals and coating materials when exposed for periods 
up to 17 years in a wide range of soil environments. The 
last specimens were removed in 1952, and several more 
years were required to analyse the data. Since comple- 
tion of this work, field studies have been confined to a few 
of the newer metals and alloys, such as titanium, stainless 
steels, copper-nickel alloys, and aluminium alloys that have 
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recently come into use for underground structures. Basic 
studies include further investigation of current and poten- 
tial relationships, electrochemical polarisation, and other 
electrical phenomena associated with corrosion. In addi- 
tion, the chemistry of corrosion continues to receive major 
attention. A comprehensive survey of Bureau research 
in this field is given in NBS Circular 579 “Underground 
Corrosion” by M. Romanoff (1957), $3.00. A shorter 
note is available as Summary Technical Report 2209. 


Vibrations can Influence Convective 
Heat Transfer 


NE of the important findings of T. W. Jackson et al. 

on the influence of acoustic vibrations of convective 
heat transfer may help to explain some apparent contra- 
dictions in earlier work. The results indicated that sound 
pressure levels below approximately 118 decibels had little 
effect on the heat-transfer coefficient in a system where air 
was blown through a heated 4 in. o.d. brass tube. Above 
118 decibels the effect of sound appeared to be consider- 
able. In these studies the NUSSELT modulus, based on the 
log mean temperature difference, ranged from 17.2 to 
50.6 ; the GraETz modulus, based on the bulk or average 
temperature of the air, ranged from 40.2 to 1633; and 
the GRASHOF-PRANDTL D/L modulus, based on properties 
of air at the wall temperature of the air, ranged from 
0.967 X 10° to 1.26 X 10°. Frequencies of 520 c.p.s. and 
125 c.p.s. were quoted but Pror. JACKSON decided that the 
paucity of data made it impossible to arrive at a conclu- 
sion on the effect of frequency. Equations were derived 
representing the data, including the sound pressure levels. 
In the region where sound influences heat transfer it 
seemed to destroy free convection effects but below this 
pressure level an equation for superposed free and forced 
convection could be used. The work was reported in paper 
number 58—HT-6 presented to the Heat Transfer Confer- 
ence organised in Chicago by the American Society of 
Mechanical Engineers and the American Institute of 
Chemical Engineers. 


Hydraulic Transport of Solid Particles 


NERGY consumed by a hydraulic transport plant is 
roughly proportional to the square root of the average 
speed of the particles, which in turn is a function of their 
size and shape, their specific gravity and their concentra- 
tion. Generally speaking the smaller the particles the 
lower the running cost. Studies of such mixtures have 
been reported in Strojirenstvi (1958, Vol. 8, No. 5, p. 350) 
by J. Novak, using glass balls 1.8 to 5 mm in diameter, 
particles of sand between 0.5 and 1.05 mm and crushed 
coal, of 3 to 6 mm, in a glass pipeline approx. 25 m long. 
The diameter of the pipe was 40 mm. After the particles 
were evenly distributed along the whole length of the pipe- 
line the velocity of water was gradually increased. Move- 
ment of particles started by the formation of heaped-up 
columns which rolled over in the direction of flow. With 
increasing flow velocity bigger columns were formed. At 
velocities above a certain critical value the columns dis- 
appeared and the particles became freely dispersed in the 
water. 

ING. Novak reached these conclusions: 1. The formation 
of columns is typical for the movement of fair-sized 
particles at subcritical velocities. The higher the specific 
gravity of the particles the bigger the columns which are 
formed. 2. Because of the generally uneven distribution 
of the particles in the cross-section of the pipeline, the 
concentration of the “hydro-mixture” can be reliably 
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measured only in a vertical section of the pipeline. 3. The 
efficiency at above-critical velocities remains low because 
the particles are moving only in the lower part of the pipe. 
4. At above-critical velocities there is a substantial differ- 
ence between the “traffic concentration” ©“; and the 
local concentration ©; and the ratio «= “;/s is 
a convenient measure of the “traffic reliability” of the 
plant. 

Special attention was given to the problem of the block- 
ing of the pipeline. A temporary drop of the flow velocity 
in some part of the pipeline (for example behind a bend) 
is its most usual cause. A drop of even very short dura- 
tion will result in increased sedimentation in that particular 
part. Erosion of a blockage can be considerably speeded- 
up when a pulsating water stream is used. Once the 
blockage is pierced the water pressure can be gradually 
increased and the rest of the blockage is washed away. 
The experiments confirmed that a properly designed 
hydraulic plant can provide reliable transport, but careful 
operation and exclusion of water shocks is essential. 


At Geneva 


ENERAL Sessions of the vast concourse at Geneva 

on Peaceful Uses of Atomic Energy were devoted to 
central problems. In these were discussed the future of 
atomic power, experiences with power plants and recent 
developments in fundamental physics. The remainder of 
the proceedings was divided into specialist sessions. 
Series C of the conference—labelled “chemistry”—in fact 
went beyond the laboratory stage with papers on isotope 
separation, handling of radioactive materials and treat- 
ment of wastes. Relative newcomers here were the gas 
centrifugal method for separating isotopes and the nozzle 
process which we mentioned briefly in British Chemical 
Engineering, 1958, 3, No. 1, p. 37. The importance of this 
work can be assessed from the fact that isotope separation 
units based on the diffusion process represent the largest 
industrial units set up for production of a special material. 
A large part of Series E (Raw material, metallurgy and 
reactor technology) was devoted to processing. Ore 
treatment was in fact divided into two parts. In the first, 
workers in many countries described extraction of uranium 
and thorium on the industrial scale. Part Il comprised 
laboratory and “paper” studies, and programmes for 
research to decrease costs of uranium recovery. 


Plastics in the Space Age 


N unusual feature for the normally austere Journal 

of the Franklin Institute is a breathless review* by 
Joun H. Lux of plastics in industrial and military uses. 
In contrast to the seriously inadequate properties of metals 
and ceramics, Mr Lux points to the range of virtues of 
his beneficent plastics. They have resistance to oxidation 
and reduction, good thermal insulating qualities, ability 
to withstand shock and ease of production by a wide 
variety of techniques so that they can be fabricated from 
4 oz. up to 50,000 Ib.; they will operate permanently at 
temperatures up to 550°F., operate for thousands of hours 
in the 600-700°F. range and for shorter times up to 
18,000 or 20,000°F. As a result, in the high temperature 
field, it has been possible to make such materials of con- 
struction into blast tubes, re-entry nose cones for missiles, 
columns, heat insulation for 6,000°F., heat exchangers, 
nozzles, aerodynamic fins and many other thermal struc- 
tural components for aircraft, rockets, missiles and atomic 
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energy processes. In the nuclear field, plastic thermo- 
setting materials have been tested at 10°° roentgens for 
periods of several months, and an examination of test 
samples showed their strength doubled over a period of 
one year. These are now used in equipment for uranium 
refining. One noteworthy product quoted was said to be 
the world’s largest plastic structure. This is a fume stack 
weighing 42,000 1b. which is 200 ft tall, 5 ft in diameter 
and designed to withstand a wind load of 125 mph. It 
has been in service for several years replacing stainless- 
steel stacks lasting only six months, and has saved money. 
After referring to the manufacture of items of plant such 
as tanks, heat exchangers, cooling towers and reactor 
vessels, the author states that there is also a product known 
as Siltemp glass having the remarkable property of being 
“stable at 1800-2000°F., for use as an ingredient in many 
military projects and for solving many high-temperature 
problems.” 
* 1958, Vol.266, No.1, p.21. 


Catching them Young 


“ce HAT exactly is Chemical Engineering?” Boldly, 

the Yorkshire Centre of the Institute’s Graduates’ 
and Students’ Section recently organised a day’s event to 
answer this question in a lively and interesting style for 
an audience. of sixth-form schoolboys and their masters. 
Principal speaker was Mr F. E. WARNER, who gave an 
excellent and concise account of how chemical engineer- 
ing began and what it now is. The manner in which he 
illustrated the various points by events in his own career 
clearly caught the imagination of the boys. This talk 
was followed by the W. J. Fraser film “Experience at 
your Service” and a further talk about the employment 
and financial prospects by Mr K. L. Burcner of the 
Leeds University Department of Chemical Engineering. 
A final session was run as a Brains Trust, the panel com- 
prising the two speakers, a University lecturer and a 
chemical engineering student. The whole event was so 
successful that one could hear the youngsters’ regrets when 
the time came to close the meeting. The girls present 
asked their full share of questions, although their faces 
showed disappointment when they heard of the rather 
dismal employment position for women _ chemical 
engineers. To find out what the meeting had achieved, a 
questionnaire was sent to the schools taking part. Mr 
J. E. Coox the Honorary Secretary of the Yorkshire 
Centre, informs us that the replies were most encouraging ; 
the sixth formers had enjoyed themselves while the masters 
were pleased to have had the opportunity of discussing 
their problems with both University staff and practising 
engineers. 

In a wider setting, the British Association organised 
a special programme for young people as part of the 
Annual Meeting. This included a series of lecture- 
demonstrations, an Open Forum, programme of films and 
a “Science in Schools” Exhibition. 


Off the Record 


HERE is a bite to most of the items in a recently 
published German collection of anecdotes* about the 
great chemists, and it is certainly comforting to ordinary 
mortals to learn of the frailties of the great. We particu- 
larly enjoyed the story about L. Szmarp, the Hungarian- 
born distinguished researcher who studied in Germany 
but came to Britain in 1933. Two years later he gave 
his first lecture in English. When he had finished, an 
eminent listener came over to him and asked, in a friendly 
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way, in what language he had spoken. SZILARD was 
unnerved by this, but quickly pulled himself together and 
said “In Hungarian, naturally. What is wrong with you ; 
don’t you understand Hungarian?” Without blinking an 
eyelash, his interrogator replied “Of course I understand 
Hungarian. What I did not understand was why so many 
English words were mixed into a Hungarian lecture.” 

Are the stories true? The editor in his preface neatly 
turns this awkward query by quoting WiILDe’s epigram 
that one can make a story improbable by trying to make 
it true. They are usually entertaining and usually have 
some relevance to chemical discovery. 


* “Was nicht in den Annalen steht.” Edited for the Gesellschaft Deutscher 
Chemiker by J. Hausen. Verlag Chemie. 1958. 


Gas in Europe 


FTEN under-rated and subject to great difficulties due 
to fluctuations in demand, the gas industry neverthe- 
less makes an appreciable contribution to energy supplies. 
The Organisation for European Economic Co-operation 
have now published a study* of this fuel in terms of pro- 
duction, availability and consumption. Detailed reports 
are given on 16 member countries including the U.K. 
No epoch-making proposals emerge. The main value lies 
in the composite documentation including a gas-flow chart 
and a schematic map of the principal long distance gas 
transmission systems in Continental Western Europe. 
Recommendations follow lines which are now gaining wide 
acceptance. The Gas Committee urges: 

(a) Full exploitation of gas as a source of primary 
energy from natural-gas wells and from coal 
mines. 

(b) The best use of gas produced as a by-product in 
the production of metallurgical coke, iron and 
steel and in oil refining. 

(c) Intensification of research on the gasification of 
low-grade coal and petroleum products to reduce 
dependence on traditional gas-making coals and 
give the industry flexibility. 

(d) Development of long distance transmission and 
distribution to profit by the advantages of exploit- 
ing sources of gas at the most advantageous loca- 
tions such as coal mines, iron and steel works and 
oil refineries. 

* “Gas in Europe.” O.E.E.C. 1958 12/6 


Helping You to Keep Up To Date 


HROUGHOUT the country regional Advisory 
Councils for Further Education have now issued 
their Bulletins of advanced and special courses. Recent 
graduate and senior engineer alike will find it useful to 
look over the material offered. For many, an opportunity 
to brush up rusty basic mathematics may be welcome or 
a chance to improve understanding of developing branches 
such as programming for machines or the use of statistical 
methods. There are also many courses on process control 
and instrumentation which is steadily gaining in impor- 
tance. Increasing use of radioisotopes means that lectures 
on this subject and on radiation hazards will have great 
appeal to present-day chemical engineers. Central, 
fundamental branches of chemical engineering—such as 
heat transfer, mass transfer and fluid flow—all receive 
attention, but in addition important “peripheral” subjects 
such as management or report writing can also be 
studied. 
Details are available from the nearest Local Education 


Authority. 
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CRUDE FEEDSTOCK 


TO PHTHALIC GRADE NAPHTHALENE 


IN ONE STEP 















This new APV continuous distillation plant, recently commission- 
ed at the Orgreave Works of The United Coke and Chemicals 
Co. Ltd., produces phthalic grade naphthalene in high yield direct 
from crude feedstock—without hot pressing or centrifuging. 

Handling 30 tons of crude daily, the plant incorporates a washing 
section, APV “* West ” distillation columns and a flaking section, 
Heat to the reboilers is provided by high temperature organics. 
The plant was developed, installed and started up by 
APV Engineers and is the sixth major by-products 
refining installation to have been made by APV for 








The United Steel Companies. 





The Distillation House, Orgreave. 


(/eft) Central control panel. 
BELOW 
(right) The condenser platform. 
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LARGE BLOCK 


GRAPHITE HEAT EXCHANGERS 


THREE NEW MODELS NOW AVAILABLE PROVIDE HEAT SURFACE AREAS = =—===—=————— =m 


OF 100, 150 AND 200 SQ. FT. WITH HOLE (TUBE) DIAMETERS OF 3” 


The design of these new models is basically 
that of the patented CUBIC heat exchanger 


except that the graphite sub-assembly has 





been extended to a rectangular shape giving 







Graphite Cubic Heat Exchanger 


a hole or tube length of 6ft. The LARGE 
BLOCK exchangers embody all the proven 


advantages of the cubic design including:— 





® Corrosion resistance on both sides @ Standard equipment yet giving controlled velocities 


to most acids, alkalis and solvents: for both fluids, over a wide range of flow rates. 
@ High overall heat transfer under con- © Compact and robust (no floating or flexible parts). 
ditions of heating, cooling, evaporation ® Good accessibility for cleaning and maintenance 


or condensation. on both sides. 


Powell Duffryn 


CARBON PRODUCTS LIMITED 


SPRINGFIELD ROAD, HAYES, MIDDLESEX. PHONE: HAYES 3994 
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Chemical Engineering Economics 


HE recent announcement of a 7%, increase in profits 

for last year’s manufacture of chemicals over and 
above those of the previous year ought to be a heartening 
sign; but despite this, it would be incautious to expect 
increased investment in the immediate future. For along- 
side the healthy appearance of profitability of the chemi- 
cal industry there are other less healthy signs in the 
economy. Neither the reduced Bank Rate—which may be 
more a portent of instability than a deliberate encourage- 
ment to investors—nor the reference to future invest- 
ment in the latest utterance of the Cohen Committee leaves 
any room for undue optimism. As with other matters 
affecting the nation’s economy—the problem of the ex- 
pected bulge in the juvenile labour market is a case in 
point—Governmental action is unlikely to go much 
further than stressing the particular problem it should be 
energetically trying to solve. So we have to face a situa- 
tion which may possibly last for many years wherein 
money will be expensive; moreover, the need to divert 
resources to economically backward areas of the world 
may lead to greater competition for finance. 

Dear money is not the only difficulty which industry is 
facing. Commercial competition on the international plane 
is not only becoming more intense, but is arising from 
new and unexpected quarters. Who would have expected, 
for example, that a country like Rumania with an 
economy which many thought to be predominantly 
agrarian would be in a position to export complete pro- 
jects. That this is actually the case is shown by the recently 
concluded contract with the Indian Government for a 
complete 20,000 b.p.d. oil refinery. In such a climate, 
boards of directors will have to redouble their efforts to 
conserve capital and to keep their working capital small. 
Of necessity, they will seek the earlier realisation of the 
projects they finance in order to get into the market ahead 
of their rivals; for the same reason there will be strong 
incentives to improve bench-scale techniques in order to 
jump the pilot stage. And the conception of a five-year 
period to complete a project, looked upon as normal in 
some undertakings, will not be acceptable. Investment in 
research, too, will have to yield the maximum return, and 
for a better understanding of the economic potentialities of 
basic discoveries and the results of applied research 
methods of evaluation better than those at our disposal 
today will be needed. Otherwise there will be ever present 
the risk that inaccurate methods of estimating may cause 
profitable ventures to be lost. 

Upon the chemical engineer the likely outcome is a con- 
tinuous pressure to cheapen his designs and to improve 
his methods of process evaluation. He will in other words 
have to find quicker and more accurate ways of finding 
out how much things cost in order to persuade his 
directors to buy them. Where the improvements are to 
come from and what new techniques are likely to arise in 
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the future cannot be forecast with absolute certainty. But 
it is certain that the customary empirical methods will in 
time give way to rapid and more accurate ways of pro- 
ducing detailed estimates. Hope for a sound procedure 
for producing quick answers comes from the development 
of new data processing and computer techniques, for 
already digital machines have been applied to calculations 
of selling price, return on investment, and programmes 
have been evolved for studying the effects of process 
variables upon costs. It is clear, however, that these tech- 
niques are still in their infancy. Computers, moreover, 
need data to work with and without a great deal more 
information on equipment costs the development may be 
retarded. It is to be hoped that the forthcoming Institu- 
tion of Chemical Engineers (Student and Graduates) 
Symposium on Chemical Engineering Economics will be 
a big step forward in this direction, and if it brings more 
news of the latest techniques it will be doubly welcome. 

There are other directions where the chemical engineer 
can improve his means of money-saving—design, per- 
haps, being outstanding among them. When it comes to 
this province there are many conceptions which deserve 
critical scrutiny. For example, in some processes, either 
through the result of a fast changing technology or 
through actual corrosion, a piece of equipment may be 
expected to have but a short life. In such circumstances 
the expense of mechanical design refinements which 
merely gild the lily cannot be justified, since along with the 
rest of equipment they have to be eventually thrown on 
the scrap heap. The incorporating of overcapacity too— 
often a well-established custom—needs closer questioning. 
When it is deliberately provided, it is because greater out- 
put is expected in the future; but this may mean tying up 
a sum of money represented by the unused capacity for a 
considerable time and even then the expected expansion 
may not occur. When overcapacity is provided through 
uncertainties in the design, it might be worth considering 
whether experimental work to remove these uncertainties 
is not the more economical course. 

Then, again, we should ask ourselves if too much store 
has not been put upon the practice of adding a piece of 
plant from.an extinct process to an existing process for 
which it was not designed. Whatever the virtues of this 
practice are, economy is seldom one of them, because the 
performance of the addition is frequently only a fraction 
of that which new equipment, properly designed for the 
same operation, would yield and at a lower cost. Here it 
should be mentioned that many equipment designs are so 
antiquated that they have become company traditions, 
which no one challenges since no one quite remembers 
who the designer was. The re-examination of long- 
accepted designs in the light of the most recently-accumu- 
lated experience should provide some fruitful and 
interesting comparisons. 
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HE design of climbing film evaporators is often ham- 

pered by the lack of any theory to explain the effect 
of the operating variables on the performance of such an 
evaporator. The correlations which exist are mostly em- 
pirical and refer only to narrow ranges of operation. 

In the following discussion the results of experimental 
work carried out by the author* are studied, in conjunction 
with the work of RoHsENow,' Jakos,? COULSON and 
Menta’ and Piret and Issen,* and a qualitative explanation 
is suggested for the performance of a climbing film 
evaporator. The form of apparatus used is shown in Fig. 
2, and typical results of runs in Fig. 3 to 6. 

The apparatus consisted of a steam-jacketed evaporator 
tube, to which a feed of distilled water was supplied via 
the “constant head™ tube and the closed tank. The closed 
tank contained two steam coils which raised the tempera- 
ture of the water entering the evaporator tube almost to 
boiling point. A thermometer whose bulb was very close 
to the entrance of the evaporator tube recorded the water 
temperature and a shallow conical baffle shielded the 
entrance from any steam bubbles from the tank body. 
Two funnels acted as vents for disturbances in the tank. 

The steam-water mixture issuing from the top of the 
evaporator tube was resolved in the separator. This con- 
tained an entrainment eliminator, consisting of several 
layers of wire gauze, below which was a broad metal 
tongue to deflect the water stream. The water passed out 
of the separator through four downcomers, and was cooled 
and combined to give a single stream. The steam passed 
out at the top of the separator to the tube-side of a shell 
and tube condenser. The whole of the separator was 
enclosed in a steam jacket at atmospheric pressure to 
prevent the condensation of steam inside it. 

The efficiency of the entrainment eliminator in the 
separator was proved by adding a blue dye to the water 
during a run and observing the condensate, which was 
quite colourless. Entrainment of steam with the water was 
prevented’ by always closing the valves sufficiently so that 
the downcomers ran full of water. 





Mr. Doll-Steinberg is at present with Foster Wheeler Ltd. 


* With J. R. Morris, at Cambridge University, 1955-56. 
The heading illustration is by courtesy of The A.P.V. Co. Ltd 
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THE PERFORMANCE OF A 
CLIMBING FILM EVAPORATOR 


An experimentally-based analysis of the heat- 
transfer behaviour of a widely used type of 
evaporator 


by A. DOLL-STEINBERG, B.A. 





Symbols Used 


A 
Ci 


heating surface area; 

specific heat of boiling liquid; 

tube diameter; 

gravitational constant; 

conversion factor; 

overall coefficient of heat transfer; 
boiling side coefficient of heat transfer; 
boiling temperature, °C; 

tube wall temperature, °C; 

(Aw — 9); 

difference between heating steam tempera- 
ture and boiling liquid temperature; 
total rate of heat flux; 

rate of heat flux per unit area; 

rate of steam formation, g/min. or g/sec.; 
viscosity of boiling liquid; 

surface tension of boiling liquid; 

latent heat of boiling liquid; 

density of boiling liquid; 

pe = density of vapour; 

Nusselt Number; and 

Prandtl Number. 
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The experimental procedure was to set the constant 
head tube to one position and to determine the steam and 
water rates for various steam-jacket temperatures. The 
apparatus was filled by adding distilled water continuously 
to the open tank, which was heated by means of live steam, 
and pumping this water to the constant head tube. When 
the apparatus was full, steam was passed into the closed 
tank coils, until the thermometer indicated 0.5-1.0°C below 
the boiling temperature for the head being used. 

Steam was now admitted to the jacket at such a pressure 
(usually 10 psig) that fairly rapid water circulation took 
place. The water was returned to the open tank con- 
tinuously and the condensed steam was returned from 
time to time by emptying the condensate receiver. Circula- 
tion was allowed to continue for about ten minutes to rid 
the water of dissolved air and to reach a steady state. 

Usually the steam supply to the closed tank coils was 
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set to give a thermometer reading 0.5°C lower than the 
boiling temperature, but it was found that small changes 
in this temperature had no apparent effect on the perform- 
ance at the intermediate submergences and at high 
steam-jacket temperatures. At low submergences the water 
rate especially seemed quite sensitive to variations in this 
quantity. A larger change, say 5°C, had an appreciable 
effect at all submergences. 

To take a reading, conditions were held as steady as 
possible for about five minutes. At the end of this time 
readings of water and steam rates were made by timing 
the filling of a measuring cylinder. The timing was carried 
out progressively as the cylinder filled and the rate found 
graphically. The steam-jacket temperature was measured 
several times during a run to verify that it remained con- 
stant. Results were obtained for two evaporator tubes of 
different diameters but of the same length. The tubes were 
of Monel metal and had the dimensions 1.13 cm LD., 
1.17 cm O.D., 95 cm length and 0.735 cm I.D., 0.77 cm 
O.D., 95 cm length respectively. The performance of each 
tube was examined under several submergences, i.e., static 
heads of the water feed, as determined by the position of 
the overflow pipe in the constant head tube, Curves were 
obtained for each tube at various submergences of the 
water circulation and steam production rates expressed as 
functions of the temperature difference A¢ between the 
steam jacket and the boiling water. 

The overall heat-transfer coefficient is given directly by: 

AY A 
Ah@ 

since the liquid water entering the tube is already prac- 
tically at its boiling point. Moreover, since evaporation 
occurs always at practically the same temperature (vary- 
ing only slightly with changes in the submergence) A the 
latent heat is constant and, of course, so also is A, the tube 
area. Thus s/A@ gives a convenient measure of the heat- 
transfer coefficient and this quantity is plotted in place of 
h in Figs. 7 and 8. 
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evaporator—the Kestner. 
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The curves of steam production rate, s, versus A@ show 
initially an increasing s with increasing A@ and ultimately 
flatten off to show either a small increase of s with A@ or 
a constant s. By plotting log s against log A@, it can be 
seen that the curves consist of three distinct regions. The 
variation of the heat-transfer coefficient h with A@ empha- 
sises the existence of the three regions, and in Figs. 7 and 
8 log s/A@ has been plotted against log Aé. 

At the lowest values of A@, h is seen to be proportional 
to a low power of Aé. From curves A and B, Fig. 7, and 
curve A, Fig. 8, the relationship is found to be h cc A", 
This region extends over a range of A@ which is longer 
at the high submergences; at the lower submergences 
studied, the region is very short, and could not be plotted 
at the lowest submergences. In the second region, which 
occurs at higher values of A@, the variation of h with A@ 
can also be expressed as fh CC A@*, but now a varies both 
with the tube diameter and the liquid submergence. Thus 
for curves A, B, C and D of Fig. 7, a is 0.65; for A and B 
of Fig. 8, a is 0.95 and for C of Fig. 8 a is 0.6. The 
third region is one of falling / with increasing AQ?. 

To explain the shape of these curves, it is postulated that 
the observed regions of variation of / with A correspond 
to different modes of heat transfer to the circulating liquid. 
At low values of A@ it seems probable that heat transfer 
takes place from the wall of the tube to the boiling liquid 
through a boundary layer of superheated liquid. The 
thickness of this boundary layer will be determined by the 
turbulence in the core, due both to the (actual) velocity of 
the liquid and to the stirring action of the steam bubbles. 
Piret and IssBen,' in a similar study, restricted to the lower 
rates of steam formation (i.e., in the range corresponding 
to “first region” heat transfer), found it possible to corre- 
late their results for the boiling-side coefficient by means of 
a form of Ditrus BOELTER equation: 

ft 


a Vin D 0-8 
Nu = const. (2%=2) Pro-6 


where the values of the physical properties are those of the 


CONDENSER 











To a 
MEASURING 
CYLINDER 





ATMOSPHERIC 
PRESSURE =| 3 EXSxEeReESEe 
STEAM Wer etete eee eee ee 


TO COOLER AND 
MEASURING 
CYLINDER 











Fig. 2. Diagram of apparatus used for studying 
climbing film evaporation. 
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Fig. 3 (above left). Steam rate v A® for high submergences of tube No. 1 (1.13 cm I.D.): A, 
submergence 58 cm: B, 44 cm. Fig. 3a (above centre). Steam rate v A@ for low submergences 
of tube No. 1. C, submergence 32 cm. D, 24 cm: E, 20 cm. Fig. 4 (above right). Steam rate 
v Aé for various submergences of tube No. 2 (0.735 cm I.D.). A, 66 cm; B, 58 cm; C,'44 cm. 





























liquid and V,, is the log mean of the velocities of the inlet The commencement of bubble formation near the wall 
and the outlet fluids, the outlet velocity being calculated will be determined by the wall temperature. When this 
as if there were no slip between steam bubbles and water. rises above the maximum superheat temperature of the 

The Reynolds number thus defined is a measure of the water in contact with it, there will be a discontinuous 
ratio of the log mean turbulence mass transfer to the mole-__ increase in heat transfer due to the destruction of parts of 
cular diffusion (film) transfer. The fact that the results of the boundary film by the bubbles. The increase in hp 
Piret and IsBeEN can be correlated on this basis seems to over the value due to transfer through the film by mole- 
indicate that ‘the heat-transfer mechanism at low A@ is cular conduction will be given by ROHSENOW’s expression, 
analogous to the transfer to a non-boiling fluid. and can be estimated (if A%, is known) from (2). 

It is postulated that the Region | boiling observed in If heat can be transferred away from the wall by the 
the curves for this series of experiment correspond to heat first mechanism rapidly enough (i.e., if the turbulent core 
transfer of this nature. CouLSON and Menta,® who used a_ transfer is sufficient) to prevent over-heating of the 
forced-circulation evaporator 5 ft long and 4} in. in dia- boundary layer, then the heat-transfer coefficient will 
meter, observed the relation A oc A#*, which we have remain low and with a low dependence on A?. This would 
observed in Region 1, over the whole range of their read- account for the fact that at intermediate values of A@ in 
ings. Thus, this form of transfer appears to be associated Fig. 7 the highest submergence yields a lower value of h 
with high water rates and we see from Fig. 7 that the rela- than the slightly lower submergences. As the heat flux 
tion holds over a range cf A? which increases with the increases further, the formation of bubbles in the super- 
static submergence, i.e., with increasing water circulation heated layer will commence at the hottest part of the wall, 
rates. As will be explained, these observations conform and will continue progressively along the tube. Thus / will 
with the hypothesis, since a high liquid rate will be neces- increase rapidly with A4, as owing to the large magnitude 
sary to prevent “over-superheating” of the boundary layer. of the multiplying factor in Equation (2), a small increase 

As A@ increases and the liquid rate falls off, bubble in A@ will produce a large effect on the total A at the 
formation will commence in the superheated liquid film points where surface bubbles are being formed, and also 


and the laminar boundary layer (of superheated liquid) will because the area of surface initiating bubbles will increase. 
break down. JAkos® gives curves which suggest that a Ultimately the whole surface will initiate bubbles. 
surface of the nature of the tube wall could maintain a Jakos* observed the relationship 

maximum superheat of about 7°C in the liquid in contact gon (q = Q/A) 


with it (under static conditions). If it is assumed that a 
similar degree of superheat could be maintained in a 
boundary layer under conditions of turbulent core flow, 
this value of (¢,. — #) at the end of Region 1 is reasonable 
for the cases considered above. 

For boiling in a static liquid, due to formation of 
bubbles at the heating surface, ROHSENOW' derived: 


0, Q P “s - 0-33 
Rn ee const, ange \ a 
A yh A 2 (c; Ov) 


i.e. Q 4X \6,° 
or hp x /@,? 


where n is the number of bubble sources per unit area. This 
relation was observed for boiling on a smooth horizontal 
plate, but it can be assumed to apply in this case also. 
Thus when gq reaches its maximum value—i.e., when the 
whole surface initiates bubbles (the number cf bubble 












and if an average value for the constant in the equation 
is substituted together with the values of the various 
physical properties, we obtain: 

hr = 0.133 Z 
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Fig. 5 (first right). Water circulation rate v A for tube No. 1. A, submergence 
58 cm; B, 44cm; C, 32cm. Fig. 6 (second right). Water circulation rate v 9A 
for high submergences of tube No. 2. A, submergence 66cm; B, 58cm. Fig. 7 
(third right). Log s/ A® v log A% for A, submergence 58 cm; B, 44cm; C, 32 cm; 
D, 20cm. In Fig. 6 and 7 s is in g/min. Logs. to base e. Fig. 8 (fourth right). 
Log s/A® v log A® for tube No, 2. A, submergence 66 cm; B, 58 cm; C, 44cm. 






WATER CIRCULATION GMS /oe- 






















sources per unit area will be limited presumably by inter- 
ference between neighbouring streams of bubbles)—it is 
obvious that Az will reach a maximum and then decrease. 
For the higher submergences during this surface satura- 
tion with bubbles the wall, however, still remains wet. At 
the higher submergences there is probably also appreciable 
transfer to the turbulent core of wet vapour, as is 
evidenced, for example, by the difference between the 
curves for 32cm submergence and 24 and 20cm submer- 
gence in Fig. 3a. In the former case there is presumably 
still appreciable transport of water droplets in the core; 
thus heat transfer to the core is possible. The curves for 
24 and 20 cm submergence are seen to be practically identi- 
cal at intermediate As. Presumably there is in both cases 
a core of almost dry vapour dragging up the liquid along 
the walls, and there is little heat transfer other than by the 
Region 2 boiling mechansm. The lower constant values 
of s given by the 20-cm submergence at the highest Aés 
is probably due to the fact that at these A@s the top of the 
tube is dry. The fact that heat transfer to the wet vapour 
core will continue even when the steam formation by the 
Region 2 boiling mechanism has reached its maximum, 
accounts for the shape of the steam rate versus A@ curves 
at high A@ (for the higher submergences). These show a 
small increase with A@ instead of remaining constant. 


Liquid Circulation Rate 

These curves are seen to consist of four regions. In the 
first region there is a rapid increase with A@ from zero 
circulation to a maximum (Region 2). This maxi- 
mum extends over a large range of Aé@ for the 
highest submergences of the larger tube, but is a peak 
for the lower submergences of the small tube. The circula- 
tion then falls off almost linearly with increasing A@ for 
intermediate values of A@ (Region 3) and finally attains 
an almost constant or slightly decreasing value at the 
highest A és investigated (Region 4). 

Regions | and 2 correspond to the gradual increase 
of the bubble population in the body of the liquid. The 
bubbles will be quite small; thus, by Stoke’s Law, the “slip” 
between steam and liquid is also relatively small. The 
two-phase mixture, having a bulk density considerably less 
than that of the liquid, is accelerated up the tube by the 
excess head which now exists. The velocity of circulation 
is fixed at the value at which the “lost head’ due to the 
causes of acceleration up the tube, entrance and exit energy 
losses and friction, is equal to this excess. 

As the number of bubbles per unit volume increases 
they amalgamate, forming larger bubbles having greater 
tendency to “slip” relative to the water. Also, larger bubbles 
are more rapidly accelerated along the tube and thus, even 
if the rate of bubble formation per unit volume is constant 
along the tube, the steam concentration tends to increase 
exponentially rather than linearly to the top of the tube. 
The excess head is thereby reduced. At the maximum the 
opposing effects of increasing bubble formation and bubble 


amalgamation produce a stationary state. 

The falling circulation rate with further increase in A@ 
is due to the swamping effect of amalgamation. The 
bubbles rapidly grow to the size where they fill the tube 
and push up “slugs” of water. This is a far less efficient 
method of raising the water than by “two-phase flow”. 
In the narrower tube, the onset of “slug” flow is obviously 
far more rapid once the maximum has been reached, as 
the amalgamated bubbles fill the tube at a smaller size. 
Thus we observe that the maxima for the smaller tube 
extend over only a short range of A@, even at the high 
submergences studied. 

In Region 4 the rate of steam generation is so high 
that there is no opportunity for “slugs” of water to reach 
the top of the tube before they are dispersed or evaporated. 
The small flow observed in this region will then be due to 
water dragged up the walls by the fast-moving vapour and 
water droplets generated in the breaking of the slugs. 

This brief description and the tentative theories indicate 
the complexity of the interrelationships of the factors 
which produce the observed results. For example, the 
breakpoint between Region 1 and Region 2 of the A 
versus A@ curves will depend not only on the submergence 
and tube diameter, as we have already observed, but also 
on the properties of the fluid as they influence the maxi- 
mum superheat temperature, on the viscosity of the fluid 
through its influence on the boundary layer heat transfer, 
and on the surface tension of the fluid through its influence 
on bubble amalgamation and hence on the turbulence of 
the core. There is, moreover, an additional source of com- 
plication in obtaining general correlations, and that is that 
the tube wall temperature profile and hence the boiling 
régime is a function both of the boiling-side coefficient and 
of the heating-side coefficient. For example, a condensing 
steam system giving the same average heating side, heat- 
transfer coefficient as a one-phase forced-convection system 
would have a lower local coefficient at the base of the tube, 
where the condensed water layer would be thickest. This 
would give rise to less boiling at the tube entrance, which 
would, in turn, influence conditions higher up the tube. 

Thus, if the postulated mechanisms are correct, it 
appears that at least three correlations are required to 
describe quantitatively the heat-transfer performance of a 
climbing film evaporator over a wide range of values of 
the temperature driving force. This is because each region 
corresponding to a different mode of heat transfer will be 
described by a different correlation. Also, different sets of 
correlations may be necessary for different modes of heat- 
ing. Correlations to give the values of A@ at which the 
changes occur from Region 1 to Region 2 and from 
Region 2 to Region 3 are also required. 


REFERENCES 


* Rohsenow. Heat Transfer Symp., University of Michigan, 1952, pp, 101-46. 

* Jakob. Heat Transfer Symp., University of Michigan, 1952, pp. 112 and 
119. 

* Coulson and Mehta, Trans. Inst. Chem. Eng., 1953, 208. 

* Piret and Isben. Chem. Eng. Prog., 1954, 50, 305. 











The  newly-opened engineering 
block, adjoining the old college 
building, makes a powerful new 
feature in Montrose Street, where 

the main entrance is situated. 


ENGINEERING 
EXTENSIONS TO 
GLASGOW COLLEGE 





Improved accommodation and facilities for chemical engineering teaching 


and research are provided in a recently-opened engineering block 


NEW seven-floor block to house the civil, mechani- 
A cal, chemical and mining engineering departments 
of the Royal College of Science and Technology, 
Glasgow, was opened by the Secretary of State for Scot- 
land, Mr. JoHN S. Mactay, at a ceremony at the college 
recently. The building represents the first step in an attempt 
to provide adequate accommodation for the increasing 
number of students attending the college—the total now 
being two and a half times the pre-war figure—and, of its 
£1 million cost, £360,000 was subscribed within two years 
by industry, some of it, as Mr. Maclay pointed out, from 
south of the Border. A programme for further expanding 
the engineering building and for constructing a new block 
of chemistry and chemical technology—a project even 
bigger than that just completed—is scheduled for the com- 
ing quinquennium as part of the college’s long-term 
development plan. 

In the newly-opened block chemical engineering has been 
given one special laboratory of about 1000 sq. ft. The pro- 
jected extensions, however, will increase the floor area to 
about 7000 sq. ft and will allow the installation of equip- 
ment up to 40 ft tall, by using the height of two floors. The 
resulting accommodation should approach a self-contained 
chemical engineering unit and help in the establishment of 
a course, specifically chemical engineering throughout, 
which are the present aims of the college. Plant installed 
in the chemical-engineering laboratory includes a plate- 
column distillation unit, a filter press, an Eimco pilot-scale 
rotary vacuum filter, an absorption-refrigerator freeze- 
drying unit, mass transfer apparatus and an electrostatic 
precipitator. One of the biggest units used for chemical 
engineering studies elsewhere in the new block is a triple- 


540 


effect Mirrlees Blairs film evaporator fitted with a thermo- 
compressor to each vessel and housed in the heat engines 
laboratory. 

The chemical engineering course, which leads to the 
B.Sc. degree of Glasgow University, is intended for stu- 
dents whose natural bent is engineering and it has a bias 
in that direction. In addition, an attempt is being made to 
include in it more physical chemistry than is provided in 
many courses. There is no equivalent course at the Univer- 
sity and, in common with other engineering courses in 
Glasgow, it operates on a sandwich system over four years 
and enables students to spend three periods during the 
summer in industry (see also BRITISH CHEMICAL ENGINEER- 
ING, 1956, 1, 240). The first two years’ tuition in the chemi- 
cal and mechanical engineering courses is very similar, 
and physical and organic chemistry are introduced in the 
third year. A feature of the chemical engineering fourth 
year is a small research project carried out by each 
student, the work being undertaken in the departments of 
chemical engineering or of chemical technology, or at the 
works practice school of Imperial Chemical Industries 
Ltd., Ardeer, Ayrs. An alternative college course leads to 
the degree of B.Sc. in Applied Chemistry. Predominantly 
a chemical course, it is also recognised by the Institution 
of Chemical Engineers. 

Courses are also offered leading to the Associateship of 
the college and the awards—with first- or second-class 
honours—are recognised as equivalent to an honours 
degree by Government Departments. The department is 
approved for work leading to the Ph.D. Glasgow degree, 
and the chemical engineering section has responsibility in 
the teaching of environmental-control engineering. The 
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present complement of final-year chemical engineering 
students is 18, but the opening of the proposed extension 
should result in more student places becoming available. 
Research is undertaken by staff and undergraduates, and a 
little sponsored research is conducted for industry and 
Government Departments. Subjects of individual research 
projects at present under way include absorption refrigera- 
tion, bubble-cap efficiency in distillation columns, filtra- 
tion, fundamental problems of mixing, freeze-drying and 
transients in heat transfer. 


163rd Session 

Chemical engineering has been taught at the college since 
1924, and the degree was first granted in 1926. The Chair was 
established in 1956, the first and present occupant being Dr. 
A. W. Scott, formerly Associate Professor of Civil and Mech- 
anical Engineering. In the wide field of engineering, the col- 
lege, now in its 163rd session and the first technical college to 
be established in Great Britain, has a long tradition. Inherent 
in the teaching of the founder, John Anderson, M.A., 
F.R.S., Professor of Natural Philosophy in the University 
of Glasgow, was a scientific and experimental approach 
to practical problems, but the first lecture course of a 
definite engineering character was given by Dr. George 
Birkbeck, the second occupant of the Chair of Natural 
Philosophy. Entitled “The Principles and Powers of 
Mechanical Energies’, it explained the elements of 
mechanical science “in simple terms”, and it was notable 
for the inclusion of laboratory demonstration to support 
the theoretical approach. Birkbeck was followed in 1804 
by Dr. Andrew Ure, who continued as Professor of 
Natural Philosophy and Chemistry until 1830, when 
separate chairs in the two subjects were established. The 
College gave rise indirectly to the formation of the Glas- 
gow Mechanics Institution, for this was started in 1823 
by a group of mechanics students who severed their con- 
nections with the Andersonian Institution. Later the 
Mechanics Institution became known as the College of 
Science and Arts. Among other illustrious names asso- 
ciated with the college is that of James Young, F.R.S., 
originator of the Scottish shale oil industry and endower 
of the Young chair of technical chemistry in 1870. 

In 1886 Anderson’s College was amalgamated with 
various institutions and endowments, of which Anderson’s 
College was the largest, to form the Glasgow and West of 
Scotland Technical College. Thereafter, the work of the 
College developed rapidly and in 1903 a memorial stone in 
the first block of a new building, provided by public sub- 
scription, was laid by King Edward VII. The subsequent 
advance of the reputation of the College was recognised in 
1912 by King George V’s directing that the name should 
be the Royal Technical College. In the following year the 
College was affiliated with Glasgow University and in 
1919 it was recognised as a university college and placed 
on the grants list of the University Grants Committee. 

Special classes in Civil Engineering were first recorded 
in 1887, and in 1910 a Chair of Civil Engineering was 
created and George Moncur appointed to it. On his retire- 
ment in 1933, the department was merged with that of 
Mechanical Engineering, and Professor Mellanby took 
the title of Professor of Civil and Mechanical Engineering. 

His successor, Professor Kerr, who before the war had 
established major lines of research on dehydration of 
milk and grass drying among other varied subjects, had 
to retire for health reasons in 1946. Dr. Adam S. T. 
Thomson was then appointed to the chair, and a second 
Associate-Professor, Dr. A. W. Scott, was appointed, with 
special responsibility for Chemical Engineering. 

The present senior lecturer in chemical engineering in 
the college is Mr. R. Hendry. B.Sc. Mr. G. A. M. Baillie, 
B.A., B.Sc., is the lecturer in the subject. 
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Triple-effect Mirrlees Blairs film evaporator used by 
chemical-engineering students. 





A corner of the chemical-engineering laboratory 
showing, right, the distillation rig. 
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PART I 
ITS USES 


by 

R.P. Northcott, 
B.Sc., 

and 

H. T. Porter, 
B.Sc. A.Rt.C.,. 
A.M.1.Chem.E. 





chemical raw material and its use is well established 
in the chemical and other allied industries. Owing to the 
cost of its manufacture, the very large-scale use of hydro- 
gen has until quite recently been limited to special circum- 
stances. For instance, the pressing need for the maximum 
production of indigenous liquid fuels led to the develop- 
ment of hydrogenation processes, in Great Britain by 
L.C.I.' and to a much greater extent in Germany.’ These 
processes, while of particular chemical engineering 
ingenuity and interest, could at no time compete econo- 
mically with liquid fuel production from petroleum. 

A remarkable change in the situation has now taken 
place: the petroleum industry itself is producing vast 
quantities of by-product hydrogen for which a number 
of suitable outlets are now becoming available. This change 
is directly related to improvements in the design of auto- 
mobile engines and, to a lesser extent, the increasing 
production of chemicals from petroleum. The use of 
natural gas, especially in the United States, for the pro- 
duction of hydrogen may be noted, but it lies outside the 
scope of this article. 

The connection between automobile engine design and 
by-product hydrogen may not perhaps be apparent, and a 
short digression on this subject is thereby necessary here 
for a full understanding of the situation in present-day 
petroleum refining. Efforts to improve engine efficiency 
and power output have led to an increase in compression 


Mead a has long been recognised as a versatile 





Mr. Northcott obtained his B.Sc. in Chemistry at London 
University and joined the Research Station of the British 
Petroleum Co. at Sunbury-on-Thames in 1947, where he 
worked as a development chemist mainly on hydro-treating 
processes. At the beginning of 1956 he was appointed to the 
Process Development Branch of B.P. 


Mr. Porter graduated from London University in 1935, and 
spent a number of years in the chemical industry, where he 
became interested in hydrogenation. After the war he entered 
the petroleum industry, joining the Process Development 
Branch of B.P. in 1948, where he has since been engaged on 
the development of catalytic processes. 


HYDROGEN FROM PETROLEUM AND 


Recently vast quantities of hydrogen have become available as a 
by-product from the petroleum industry. How these are being 
utilised is discussed in the following article 


ratio and therefore a requirement for a fuel with a higher 
octane number. The high octane number required from the 
present-day premium and super-premium gasolenes led 
to the development of catalytic reforming processes in 
which the low octane number straight-run material from 
crude oil in the gasolene boiling range is treated over a 
catalyst at temperatures in the region of 520°C and 
pressures of about 500 psig in the presence of hydrogen, 
produced by the process itself. Numerous proprietary pro- 
cesses are available, most of which use a catalyst consisting 
of platinum on an alumina base.’ In the reforming process 
a number of reactions occur, each resulting in a change 
in the structure of the hydrocarbons being processed and 
producing materials with a high octane number and each 
resulting in the production of hydrogen. Three typical 
reactions are: 


(a) Dehydrogenation of naphthenes to aromatics 
C,H, ——> C,H, + 
cyclohexane 


3H, 
benzene 





Fig. 1. Platformer plant at B.P.’s Kent oil refinery. 
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(6) Dehydro-isomerisation of naphthenes 





CH, ——CH-CH, CH 
CH, ae ——1. GH C-CH, -- 3H, 
CH CH 
pn. . ne ae 


(c) Dehydrocyclisation of paraffins to aromatics 
CH,—CH,—CH,—CH,—CH,—CH,—> C,H, + 4H, 
n-hexane benzene 

The net result of the reforming reaction is the production 
of between 200 and 1000 cu. ft of hydrogen per barrel of 
feedstock processed through the reformer, the amount being 
dependent on the severity of the reforming conditions and 
the nature of the feedstock.‘ The purity of the hydrogen 
produced also varies in the same way, being between 60 and 
95% volume, the remainder of the gas produced being 
hydrocarbons, principally methane. 

The growth of catalytic reforming during the last five 
years has been phenomenal. (See Fig. 1.) The total number 
of units built or contracted had reached over 350 by mid- 
1957, a tenfold increase since 1952. The total estimated 
capacity, both operating and being built in the whole of the 
industry today, is about 2,500,000 BPD, so that the total 
hydrogen being produced may be of the order of 1250 x 
10° SCF /D. In the U.S.A. alone the quantity has been put 
at 800 x 10° SCF/D, and by 1965 it is estimated that this 
figure will probably be trebled. With hydrogen now avail- 
able as a by-product, hydrotreating processes, which were 
not economically attractive when hydrogen had to be 
manufactured by conventional processes, are being in- 
stalled. Nevertheless, the amount of hydrogen available 
may often exceed that required for hydrotreating in the 
refinery. According to the circumstances, the value of by- 
product hydrogen may approach that of hydrogen manu- 
factured from solid fuels or fuel gases but, on the other 
hand, it may fall to that of fuel of equivalent calorific 
value or even lower. 


Use of Hydrogen in Refineries 

What is this hydrogen being used for? Installed capacity 
at the present-day is very largely being used for the treat- 
ment of distillate feedstocks, primarily for the removal of 
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the non-hydrocarbon elements, i.e., sulphur, oxygen and 
nitrogen. It is estimated that the total hydro-treating 
capacity in the U.S.A. at the present day is about 750,000 
BPD and it is considered that this will increase to 
3,000,000 BPD by 1960 and 4,000,000 BPD by 1965. In 
Europe, the capacity, both operating and under construc- 
tion, is believed to exceed 150,000 BPD. 

Considering the different feedstocks in more detail, the 
largest application is probably the treatment of catalytic 
reformer charge stocks. This is necessary because, to ensure 
satisfactory life of the expensive platinum catalyst used in 
the reforming operation, it is essential to eliminate almost 
completely the sulphur and nitrogen in the feedstock. This 
operation consumes very little hydrogen, and it is usually 
conducted with an excess which is separated from the product 
and is then available for further use. The next largest applica- 
tion is probably the treatment of middle distillates, i.e., diesel 
oils, and, in the U.S.A., heater oils. The objective here is 
usually the removal of sulphur, while also, the stability and 
colour are improved. Another application is the treatment of 
catalytic cracking charge stocks to make them more suscep- 
tible to subsequent cracking and to improve the quality of 
the cracked products. In addition, lubricating oil stocks 
are also treated to produce improved colour and oxidation 
stability, thus eliminating a more costly acid or clay 
treatment.* 

In all these treating processes, the operating conditions 
are such that carbon-sulphur, carbon-nitrogen and carbon- 
oxygen bonds are ruptured and double bonds are saturated, 
while carbon-carbon bonds are not affected. Typical reac- 
tions are shown on page 544. 

It will be seen that the amount of hydrogen required 
for desulphurisation varies with the nature of the sulphur 
compounds and that sulphur is eliminated as hydrogen 
sulphide, which may either be burnt along with hydro- 
carbon gases produced in the reaction or recovered and 
used for the production of sulphur. For all the above types 
of application the process flow and plant required are very 
similar. The operations involved are, briefly, raising the 
feedstock and hydrogen to reaction temperature and 
pressure and contacting them with a catalyst in a fixed-bed 
reactor. The products are cooled, the hydrogen separated 
and the oil given further treatment as necessary to remove 
dissolved gases and correct the boiling range. It is often 


Fig. 2. Hydrofiner, 
B.P. refinery at 
Kwinana, Australia. 
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Fig. 3. Flow diagram, 


the practice to recycle some of the hydrogen separated 

from the product back to the reactor to improve the hydro- 

gen partial pressure there. The process conditions employed 

for hydrotreating can vary widely according to the feed- 

stock and degree of upgrading required, but normally fall 

within the following typical ranges. 

50 to 1500 psig 

600 to 800°F 

200 to 5000 SCF/B 

0.5 to 20 volumes oil/ 
hour/volume catalyst 


Pressure ... 
Temperature dan 
Hydrogen recycle rate ... 
Oil space velocity 


The amount of hydrogen consumed may be anything 
from a few cubic feet per barrel of oil treated up to 300 


Sulphur removal (see page 543) 


CH,—CH,—CH,—CH,—SH+ H, —> CH,—CH,—CH,—CH,+ H,S 
butyl mercaptan butane 
CH CH 
CH CH + 4H, —> CH,—CH,—CH,—CH,+ H,S 
S 
thiophene 
Nitrogen removal 
CH 
CH CH 
SH, —*>CH,—CH,—CH,—CH,—CH, + NH, 
CH CH pentane 
N 
pyridine 
Oxygen removal 
C,H,.OH+H, >C,H,+H,O 
phenol benzene 
Saturation 
CH,—CH,—CH,—CH=CH, + H, —> CH,—CH,—CH,—CH,—CH, 
pentene pentane 
544 


Kwinana hydrofiner. 


to 400 cu. ft per barrel, depending on the sulphur content 
of the feedstock and its degree of unsaturation. The most 
widely-used catalyst consists of cobalt and molybdenum 
oxides on an alumina carrier. It has good activity and 
mechanical strength and is relatively insensitive to poisons. 
During processing, carbon and, to a lesser extent, sulphur 
are deposited on the catalyst and may in time impair the 
activity. Full activity can be restored by periodically burn- 
ing off the carbon and sulphur deposits with air diluted 
with steam or inert gas, but this is only required very 
infrequently when treating straight-run distillates. 

To illustrate a hydrotreating unit in more detail the plant 
installed at the Kwinana, Western Australia, refinery of the 
British Petroleum Co. (Fig. 2) may be cited. This unit, of 
5600 BPD capacity, was installed to desulphurise Middle 
East straight-run gas oil for low-sulphur high-speed diesel 


fuel. It is designed to operate under the following 
conditions. 

Reactor temperature 780°F 

Reactor pressure 1000 psig 

Hydrogen recycle rate ... 4000 SCF/B 

Space velocity ... 8 v/v/hr 


The catalyst employed is of the type cobalt and molyb- 
denum oxides on alumina, and the hydrogen required for 
desulphurisation, about 150SCF/B, is obtained from a 
6000 BPD platforming unit. A simplified flow diagram of 
this hydrotreating unit is shown in Fig. 3, the process flow 
being briefly as follows: The raw gas oil feed is pumped 
to the feed stripper where dissolved oxygen is stripped out 
by means of a small hydrogen stream from the platformer. 
This is done to prevent fouling of the heat exchangers. The 
feed leaving the stripper surge drum is heat exchanged with 
hot reactor effluent and then combined with recycle hydro- 
gen before passing to the furnace where it is brought to 
reaction temperature. The combined furnace stream enters 
the top of the reactor, the oil feed being about 90%, 
vaporised under the process conditions employed in this 
unit. After heat exchange with gas oil feed, the reactor 
effluent is cooled in water coolers and passes to the high- 
pressure separator which operates at 1000 psig and 100°F, 
for separation of the recycle gas from the liquid product. 
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The gas is recycled by two steam-driven compressors, the 
make-up hydrogen from the platformer joining the recycle 
gas compressor discharge. 


To remove low-boiling material produced in the desul- 
phurisation reaction it is necessary to fractionate or strip the 
liquid product. In the Kwinana unit the liquid product 
from the high-pressure separator is partially flashed at 
250 psig in the low-pressure separator and is_heat- 
exchanged with stripper bottoms before entering the 
stripper column itself which has a fired reboiler heater. The 
overhead vapours from the stripper are partially con- 
densed, and the uncondensed vapours containing a high 
percentage of hydrogen sulphide produced in the desul- 
phurisation reaction pass to the flare where they are burnt. 
Condensed liquid is refluxed and the net overhead product 
pumped away as unstabilised gasolene. The desulphurised 
gas oil is heat-exchanged with stripper feed, cooled and 
finally given a caustic soda wash to remove any traces of 
hydrogen sulphide still remaining. This unit has fully met 
its design requirements. 

The hydrotreating applications discussed above are all 
relatively mild treatments in which basically the hydro- 
carbon structure of the feedstock remains unaltered and 
only carbon-sulphur, carbon-nitrogen or carbon-oxygen 
bonds are ruptured. However, if more extreme hydrogen 
processing conditions are used, i.e., higher temperatures 
and pressures are employed, hydrocracking occurs and the 
hydrocarbon structure is changed due to the rupture of 
carbon-carbon bonds. There is an extensive potential 
application for hydrocracking, since by its means the heavy 
residue from crude oil can be converted into fractions 
boiling in the more valuable gasolene and diesel oil ranges. 
While extensive pilot studies in hydrocracking have been 


made, the process has not yet been applied on any large 
scale in conventional petroleum refineries because of the 
cost of the high-pressure plant required and the large 
quantity of hydrogen consumed, which may be of the order 
of 1000 to 2000 SCF/B. The large-scale introduction of 
hydrocracking of residues or whole crude would probably 
necessitate the manufacture of hydrogen, since the amount 
from catalytic reforming is not likely to be adequate at 
present.‘ 

The use of hydrogen for destructive hydrogenation of 
materials other than petroleum is, of course, well established 
and is illustrated by the German hydrogenation industry 
introduced by I.G. Farbenindustrie before the last war to 
produce petrol from solid fuels and the I.C.I. plant at 
Billingham, which was set up to produce petrol from 
coal, It is of interest to note that a number of the German 
hydrogenation plants, the majority of which were severely 
damaged in the war, have now been reconstructed and are 
operating as petroleum refineries.’ Crude oil is topped and 
the residue hydrogenated in two stages so that it is almost 
entirely converted into gasolene and diesel oil. In the first- 
phase operation at 300 to 700 atmospheres pressure and a 
temperature between 800 and 850°F the residue is hydro- 
cracked in the liquid phase in the presence of a metal 
catalyst. The vapours from this operation are then treated 
in a second reactor at 300 atmospheres pressure where 
further hydrocracking and saturation occurs. The hydrogen 
consumed in these operations is of the order of 2500 to 
3000 SCF /B, and is manufactured by catalytic reforming 
of light hydrocarbons with steam or by low-temperature 
separation from coke oven gas; some hydrogen is obtained 
from the gasolene catalytic reformers which have recently 


been installed. 
(To be continued) 


Capenhurst’s 2000-point Data-logging Set 





A busy scene at Sunvic’s Harlow factory during the 
assembly of the Capenhurst data-logging set. 


HE largest set of data-logging equipment to be 

assembled in Europe is soon to be installed at the 
Capenhurst plant of the U.K. Atomic Energy Authority 
for maintaining closer control of the gaseous diffusion of 
uranium hexafluoride, particularly in respect of tempera- 
ture, a critical parameter. It will continuously monitor 
more than 2000 points, while, in addition, two mobile 
loggers will be available to prepare a “complete log” at 
any time for any single diffusion cell in the plant. Sunvic 
Controls Ltd., Harlow, Essex, who have been awarded the 
contract, are well forward with the work. 

The main installation will consist of eight logger units, 
each of which will monitor four production cells. Each 
cell incorporates 40 thermocouples which will be scanned 
continuously—16 measuring process gas _ temperature, 
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eight measuring gland temperature and 16 motor bearing 
temperature. Should any point exceed a preset maximum 
or minimum value, the appropriate neon indicator lamp 
in the logger will give warning and a record will be made 
on the alarm printer which will write the time, point identi- 
fication number and point value on a paper roll 24 in. 
wide. Information will be printed in red as soon as a point 
goes off-normal and a symbol will indicate whether the 
value is high or low or if the point defective. When the 
point returns to normal a further record will be made in 
black, showing time, identification and value. 

In addition to the continuously-scanned thermocouples, 
each cell incorporates a further 16 measuring cooling- 
water temperatures. These, together with eight measure- 
ments of pump-motor currents and of motor voltage, are 
to be included with the 40 process temperatures whenever 
a complete log is prepared for any one cell. A point for 
making a test signal is also included on each cell, making 
a total of 66 measuring points per cell. Every logger unit 
will deal with 4 X 66 (264) points and each will have 
10% spare capacity for additional points that may be 
required later. The logs will be prepared on solenoid- 
operated typewriters with 30-in. carriages, fitted in the 
central control room and on each of the mobile printers. 

The normal scanning time of the equipment will be 
rather less than 2.5 minutes a cell and each logger unit 
will therefore complete a cycle of all four cells in about 
10 minutes. Each logger unit contains over 450 relays and 
more than 3000 interconnections, and well-tried techniques 
are being used in their construction to ensure reliability 
in performance, Sunvic point out. To exclude dust, units 
are sealed so that a slight positive pressure of clean, dry 
air can be maintained within them. 
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THE DEVELOPMENT OF THE GAS 
TURBINE FOR INDUSTRIAL USE 


A review of the growth and future prospects of this type of prime mover. 


by B. W. MARTIN, M.Sc., Ph.D., A.M.I.Mech.E., A.F.R.Ae.S. 


N the ten years which followed the 1939-45 war, the 

gas turbine, which, owing to the efforts of WHITTLE 
and his team, had already made a spectacular contribu- 
tion to aeronautical advancement in the form of the 
turbo-jet engine for high-speed aircraft propulsion, 
received a great deal of attention as a potential source of 
industrial power production. In 1945 it was thought by 
many, and not only by those working in the field of 
aeronautical engineering, that this new-comer would soon 
become a serious rival to the older types of prime mover 
and might even in due course completely displace all 
steam plant and the various types of reciprocating internal 
combustion engine. 

On what premises were these hopes based? What were 
the advantages claimed for the gas turbine which appeared 
likely to make it such a powerful competitor for purposes 
other than that for which it had been initially invented? 
In the first place, the fact that it was potentially capable 
of high specific outputs seemed, on a basis of equal 
power, to presage a prime mover lighter than the diesel 
engine. At that time the thermal efficiency of the gas tur- 
bine for industrial use was still very much a matter of 
speculation, partly due to the fact that while there was 
little room for further improvement in the performance 
of the well-tried centrifugal compressor, the alternative 
axial-flow type, which it was hoped to use in industrial 
applications, was a comparatively recent development. 
Based as it was on aerodynamic principles and the results 
of extensive research by CoNsTANT and his colleagues at 
the Royal Aircraft Establishment, it held the promise of 
isentropic efficiencies substantially better than those of its 
rival. No one could anticipate what ultimately its perfor- 
mance might be; that its further development would be 
rapid was evident from the creation of the National Gas 
Turbine Establishment (N.G.T.E.), and the formation at 
much the same time, to cater for the special requirements 
of marine propulsion, of the Parsons and Marine 
Engineering Turbine Research and Development Asso- 
ciation (P.A.M.E.T.R.A.D.A.). 

Fig. 1 shows the relationship between cycle efficiency 
and compressor isentropic efficiency for a simple gas- 
turbine cycle operating under the conditions specified; 
with the axial compressor, there was at that time (1944- 
45) a reasonable expectation of percentage efficiencies in 
the middle or high 80s and, therefore, simple cycle 





Dr. Martin is Lecturer in Mechanical Engineering at the 
University of Durham. 
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efficiencies, without a heat exchanger, of at least 25% 
(an isentropic efficiency of about 88% may be exyected 
at the present time from a compressor of advanced 
design). There were thus good grounds for believing that 
the gas turbine might have something in reserve as far 
as thermal efficiency was concerned. 

The new prime mover also possessed the advantage of 
simplicity; it had comparatively few moving parts and was 
therefore thought likely to give trouble-free operation and 
easy maintenance, The separate compression, combustion 
and expansion of the working fluid seemed to offer much 
scope for flexibility in design so as to meet the special 
needs of each industrial application. Finally, the fact 
that the Government had for the first time set up an 
establishment to help industry to develop and exploit a 
prime mover must have seemed to many to underwrite 
its success in advance. 

The result of this intense interest was that a number of 
large firms began to concern themselves with the indus- 
trial gas turbine. But at that time it was not known which 
of the numerous arrangements of components made pos- 
sible by the flexibility of the gas turbine was likely to 
prove the most suitable for a given industrial application. 
While the full-load performance could easily be estimated, 
the part-load behaviour of a particular arrangement, 
which was equally if not more important, could be as- 
sessed in only two ways. The first was actually to build 
and test the arrangement experimentally, and the second 
was by a complex and laborious trial-and-error matching 
of components on a theoretical basis, the performance of 
each component being already known or assumed. 

The first alternative was immediately ruled out for all 
but the simplest arrangements by the expense, labour and 
time that would be involved in relation to the resources 
available in this country. The second alternative was 
therefore adopted. This was also expensive of time, if not 
of money, and much painstaking work was carried out, 
mainly by the research organisations, before the overall 
conclusions and recommendations became generally 
available at the end of 1948 in a paper by MALLINSON and 
Lewts.' In the meantime some progress had been made, 
particularly in the field of aircraft propulsion, so that an 
appreciable amount of experience with the new prime 
mover had accumulated. Nevertheless, it is probably true 
to say that the industrial gas turbine had not progressed 
much beyond the drawing-board stage, in this country at 
least, four or five years after the war. 

At about this time it became clear to those of sufficient 


British Chemical Engineering 








perception that the advantages that had previously been 
claimed for the gas turbine over its rivals were, in fact, 
unlikely to be more than marginal. Most serious of all, 
its reliability had yet to be established. BAYLey’ has since 
pointed out (but it was equally true then) that for power 
stations the steam turbine can be built to give the largest 
powers likely to be required; it is relatively efficient by 
present-day standards, is omnivorous of fuels and is well 
proved and reliable. For locomotives the reciprocating 
steam engine is cheap to build and again well proved. 
There is now the prospect of it being superseded; but, it 
should be noted, not by the gas turbine. Replacement is to 
be by the diesel engine, or, where electrification is sub- 
stituted, by the prime mover at the power station. 

For ships the diesel engine is thermally very efficient, 
while, if it is impossibly cumbrous (for powers above, 
say, 15,000 shp), there is the steam turbine as an alter- 
native. This is equally or even more reliable and saves by 
its low weight what it loses in thermal efficiency. For the 
automobile, the light and cheap petrol engine is almost 
ideal, and the high-speed diesel provides a useful alter- 
native for the heavier vehicle. BAYLEY went on to assert 
that while the gas turbine can be made more efficient than 
the steam engine, is lighter than the diesel and needs no 
gearbox in the car, none of these is sufficient to outweigh 
the asset common to all its competitors—namely, proved 
reliability. This is, of course, a vicious circle, because 
reliability can only be established by building a sufficient 
number of sets to gain the necessary operating experience. 
Fortunately for the gas turbine, this somewhat gloomy 
prospect is relieved by the fact that overseas the vicious 
circle has already been broken. For example, in America 
over 200 installations are now in service and the reliability 
of the gas turbine has thereby been established at an 
extremely high value. The benefit of such experience must 
eventually be felt in this country and elsewhere. 

The realisation that the new engine would have to fight 
hard even to enter the field of industrial power produc- 
tion was followed soon afterwards by a perceptible change 
in the overall orientation of gas-turbine research so that 
the subsequent effort was less closely concerned with in- 
dustrial applications. Luckily, at about this time the first 
industrial units came into service. Two gas-turbine loco- 
motives were tested by British Railways (though MEYER’s® 
paper of 1943 shows that this stage was reached in 
Switzerland as far back as 1940), and the first car to be 
propelled by a gas turbine made its appearance in 1950. 
While the new prime mover had been used in conjunction 
with two petrol engines in a high-speed naval craft (the 
Gatric project) and had carried out successful sea trials in 
1947, it was not until 1953 that a merchant ship, the 
tanker Auris, went to sea with one-quarter of its power 
provided by a gas turbine. Equal caution was shown in 
applying the prime mover to electrical power generation, 
with the result that there are at present no base-load gas 
turbine sets in operation. Only one or two sets have been 
installed in major power stations and these are for use 
during the periods of maximum demand for electricity. 


The Current Position 

In the last few years three British firms have concen- 
trated on the development of a gas-turbine car whose 
engine would not be excessively large and yet would be 
sufficiently economic to compete successfully with the 
petrol engine. One of the basic problems here is to im- 
prove the efficiency of the heat exchanger to an accept- 
able value without it becoming too bulky, and therefore 
too costly. That this has so far not been accomplished 
may be deduced from the fact that there is no gas-turbine 
car yet in production. However, reports suggest that in 
Europe and America progress may have been more rapid. 
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Fig. 1. Graph showing the effect of compressor 
efficiency on the overall thermal efficiency of a simple 
gas turbine. 





Fig. 2. Schematic layout of a fluid catalytic cracking 
plant using gas turbines. 
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Meanwhile, the following performance figures have been 
quoted for one British model: 14.3 miles per gallon of 
fuel when developing 110 bhp at a road speed of 60 mph. 
In making a comparison with the performance of the petrol 
or diesel engine, the relative fuel cost must, of course, be 
borne in mind. 

The initial tests on the Auris were so successful that the 
tanker is now being completely re-engined with a new 
5500-shp two-shaft, straight-compounded gas turbine. This 
encouraging development has been matched in America 
by the news of the fitting and successful maiden voyage of 
the vessel John Sergeant with a 6000-shp simple-cycle gas 
turbine incorporating a heat exchanger and mechanically 
independent power turbine (MCMULLEN’‘). This unit has 
actually achieved 7500 shp and a thermal efficiency of 
about 27%. Enthusiasm for the marine gas turbine is also 
being shown by the Royal Navy. Four lightweight high- 
speed gas turbines for electric generator drive, covering 
outputs between 125 and 1000 kW, have been designed 
and developed for the Admiralty (Pope’), two being base- 
load sets while the other two are emergency sets. 
Reference has already been made to the displacement of 
the locomotive steam engine by the diesel engine and 
electric traction rather than by the gas turbine. 

In view of the cautious approach of many sections of 
industry to the gas turbine, it is refreshing to find that 
it has been much more readily accepted in the field of 
chemical engineering (especially overseas), where it ap- 
pears to have great potentialities. This is particularly true 
in the oil industry. At Lake Maracaibo, in Venezuela, one 
of the largest gas-turbine installations, consisting of ten 
simple-cycle, two-shaft sets driving centrifugal compres- 
sors and totalling 60,000 bhp, is employed to repressurise 
the underwater oilfield. Gas turbines are also being used 
in the pipeline pumping of both crude oil and natural 
gas. On the refining side, too, the gas turbine is coming 
into service. Since 1953, a 5700-bhp single-shaft unit has 
been used by an American company to drive the compres- 
sors of the light-ends plant process, while the exhaust 
gases from the turbine are passed to a waste-heat boiler 
which generates low-pressure process steam. 

Catalytic cracking is another operation in which the 
new prime mover may be used to advantage and Fig. 2 
shows a suggested layout of a catalytic-cracking plant 
using gas turbines. One unit drives a centrifugal compres- 
sor supplying combustion air to the regenerator, while a 
second unit drives intercooled compressors which pres- 
surise the wet gas from the fractionator. The turbine 
exhaust gases are used to generate saturated steam in a 
waste-heat boiler for the plant's stripping operation. The 
plant efficiency might be further improved by transferring 
the heat available in the process gas from the regenerator 
through a heat exchanger in the gas turbine circuit. 

Other projected applications of the gas turbine to the 
chemical industry include the acetylene, methanol and 
ethylene oxide processes; the production of nitric acid 
from ammonia; the dehydrogenation method of produc- 
ing butadiene (in which the gas-turbine exhaust gases 
might be used to burn off carbon deposits and so re- 
generate the catalytic reactors); and the production of 
ethylene. In this latter process substantial quantities of low 
or intermediate grade gaseous fuels are formed as by- 
products. These could be used in dual-fuel gas turbines 
to supplement, or even replace, the more conventional 
fuels, thus helping to make the plant self-sustaining and 
thereby reducing the operating costs. In addition, it is 
planned to use a gas-turbine—steam-turbine combination 
in the electrolytic production of chlorine, where large 
amounts of steam are required. Many other chemical 
reactions require process steam to be continuously avail- 
able in large quantities. Where this is produced in waste- 
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Fig. 3. Circuit diagram of exhaust-heated cycle. 


heat boilers by a gas turbine which also generates power, 
it is possible to utilise some of the process steam by direct 
injection from the boiler into the gas-turbine combustion 
system to meet power demands in excess of normal re- 
quirements. WeINER® has stated that the injection of 10% 
of steam (the mass ratio of steam to turbine exhaust gas 
flow) could increase the output of the gas turbine by 
roughly 40%. 

Mention must also be made of the increasing number 
of small-scale applications of the gas turbine. These small 
units naturally and inevitably suffer from comparatively 
poor thermal efficiences, but, for certain purposes, this is 
of secondary or even minor importance. Other considera- 
tions, such as relatively low weight for a given power and 
ease Of maintenance, then take precedence. A good ex- 
ample of such an application is the powering of pumping 
equipment, especially that used for fire-fighting. Compact 
portable sets consisting of pump and gas turbine have 
been developed for use in densely-wooded areas where 
forest fires are likely to occur. These sets with sufficient 
fuel can be dropped by helicopter near adequate sources 
of water and thus be brought to bear on the conflagration 
in the shortest possible time. A recent development in 
this country for small prime movers of this type, required 
for power generation, up to, say, 500 hp, is the inward 
radial-flow type of turbine unit. This has considerable 
advantages over corresponding axial-flow units, among 
which are robustness and simplicity of rotor geometry, 
higher pressure drops per stage, and the relatively small 
importance of scale effects (WALLACE’). A number of firms 
are now producing this variation of the gas turbine. 


Efforts to Improve the Gas Turbine 


Even the broadest survey of the progress of the indus- 
trial gas turbine during the post-war years would not be 
complete without reference to some of the attempts which 
have been, and still are being made to make the new 
prime mover more competitive. The bulk of the conven- 
tional shell-and-tube type of heat exchanger for reasonable 
performance has already been mentioned, and numerous 
attempts have been made to increase heat-transfer areas 
without incurring corresponding increases in size, mainly 
by the insertion of fine wire matrices and by the use of 
small-diameter flow passages in various ingenious arrange- 
ments. Special mention is made of the development of a 
rotary, regenerative type of heat exchanger (Cox and 
STEVENS*). Although a great deal of work was put into 
its development, interest in this alternative has waned since 
it became clear that it had special problems of its own, 
notably those connected with effective sealing of the com- 
ponent parts against leakage under the pressure differen- 
tial which must necessarily exist. 
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ABILITY TO BURN LOW-GRADE FUELS 

There has also been a determined and prolonged effort 
to make the industrial gas turbine competitive by render- 
ing it more omnivorous of fuels. At present it cannot be 
operated for long periods on other than relatively expen- 
sive distillate fuels, mainly because of the corrosive action 
upon the hot turbine blades of vanadium pentoxide 
present in the combustion products of the lower grades of 
fuel oil. The addition of certain inorganic compounds to 
the fuel has been found to inhibit this corrosive attack, 
but, in the case of the most effective additives, at a cost 
which largely offsets the difference in price between the 
low-grade and distillate fuels. The use of other corrosion 
inhibitors usually leads to highly undesirable secondary 
effects such as rapid fouling of the turbine blades. 
Recently, however, it has been found that an oxide film 
of beryllium on the surface of heat-resisting materials 
substantially reduces the corrosive effects of vanadium 
compounds. If a suitable beryllium film can be applied to 
the right type of alloy in place of the chromic oxide film 
usually used, which is fairly rapidly attacked by vanadium 
compounds, it may contribute to a solution of the corro- 
sion problem. 

A paper by FIELDEN, THORN and Kemper’ reports the 
successful development of a 750-1000-kW industrial gas 
turbine to burn a variety of fuels, including residual fuel 
oils, coal tar fuel and pulverised peat. The arrangement, 
which has a mechanically independent power turbine, has 
completed more than 2500 running hours and has reached 
a maximum operating temperature of 1380°F. The authors 
quote a thermal efficiency of 23.4% at an output of 
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Fig. 4. Performance of cooled gas-turbine cycle at 
various maximum temperatures. 
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750 kW. The paper is chiefly concerned with the develop- 
ment of combustion chambers to burn the low-grade 
fuels, in particular with the use of refractory linings, and 
little is said about other problems which must be solved. 
Nevertheless, it indicates the considerable progress made. 

Attention has also been given to the firing of pulverised 
coal (ROxBEE Cox"). Many problems are involved, includ- 
ing the provision of pneumatic or other grinding equip- 
ment, the question of ash and dust removal and the extent 
to which the combustion products must be cleaned to 
avoid undue wear of the turbine blades. Since gas-turbine 
plants using oil fuel are cheaper and easier to operate, it 
is clear that only in areas of the world which are depen- 
dent on coal is there likely to be an incentive to overcome 
the difficulties of using solid fuel. In this connection an 
interesting small-scale development is the exhaust-heated 
cycle using pulverised coal shown in Fig. 3 and described 
in detaail by MorpDe.v." 

In this arrangement the problems of erosion and foul- 
ing are transferred completely from the turbine blades to 
the components of the heat exchanger, which is much 
less heavily loaded. Only hot air passes through the tur- 
bine. MoRDELL’s work, which was chiefly concerned with 
applications on the North American Continent, suggested 
that the exhaust-heated cycle would offer possibilities for 
electrical power generation up to 5000 kW, and also for 
installation in a coal-burning locomotive to compete with 
the diesel engine. A great deal depends on the per- 
formance of the heat exchangers, but it seems unlikely 
that thermal efficiencies in excess of 20% can be antici- 
pated. While this is better than that of the reciprocating 
steam engine (about 5%), it is markedly inferior to the 
diesel engine which can reach 40% or to the overall effi- 
ciency of electrification schemes at around 25%. 


HIGH TEMPERATURE OPERATION 

Apart from its ability or otherwise to burn low-grade 
fuels, the hard and inescapable fact which underlies almost 
the whole of the foregoing discussion is that the industrial 
gas turbine will only become a commercially acceptable 
proposition when its performance, measured in terms of 
thermal efficiency and specific power output, has been sig- 
nificantly improved. Up to a point this can be done at the 
present time by building complex operating cycles which 
involve the use of a large number of components, and 
therefore the expenditure of large sums of money. Also 
involved, and almost certainly sacrificed, is the simplicity 
which should be one of the great assets of gas turbines. 

It has been recognised since the earliest days that an 
alternative, and indeed the proper solution to the problem, 
is the successful development of the high-temperature gas 
turbine. While a combustion chamber can be built to with- 
stand 3500°F (BROWN"”), the extreme working temperature 
of the alloys used in long-life gas turbines is no more 
than 1500°F, and it is unlikely that metallurgical advances 
will lead to any sudden and large increase in this order of 
temperature. To achieve the necessary increase in efficiency 
and output, the author has shown that for a simple-cycle, 
turbine-inlet temperatures between 2500°F and 3000°F 
are required.” The proposed cycle and the relation- 
ship between thermal efficiency, specific power output and 
maximum cycle temperature is shown in Fig. 4. It will be 
seen that the overall efficiency is then of the order of 45%. 

To achieve these high operating temperatures, the com- 
ponents of the turbine which are exposed to the highest 
gas temperatures must be effectively cooled to, or other- 
wise maintained at, working temperatures in the range 
1200°F to 1400°F. It is to this end that a great deal of 
the effort by the research organisations has been aimed, 
and the results to date have not been discouraging. It has 
been found that cooling problems in the ducting and 
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stationary components of the turbine can usually be 
fairly readily solved. For example, by providing such 
components with refractory linings, or by building them 
wholly of ceramic. This has been done in the case of the 
P.A.M.E.T.R.A.D.A., single-stage, experimental high-tempera- 
ture gas turbine, which is again referred to below. 

There are a number of possible ways in which the metal 
of the heavily-loaded rotor blades and drum might be 
maintained at a satisfactory temperature level. These in- 
clude the application, where necessary, of ceramic coat- 
ings, while there are two well-known methods of utilising 
the cooling properties of part of the air leaving the com- 
pressor. One method which has been used satisfactorily 
in an experimental air-cooled turbine for maximum tem- 
peratures up to 2200°F has been described by AINLEy.“ 
It consists of passing the cooling air through radial pas- 
sages within the blade. These passages discharge the 
heated air at the blade tip so that it mixes with the gases 
passing through the turbine. 

For the higher-turbine inlet temperatures, where air- 
cooling would probably be inadequate, there are several 
promising alternatives in which liquids are involved. In 
the P.A.M.E.T.R.A.D.A. turbine, one such alternative, a two- 
liquid closed thermo-syphon system, is used. This is shown 
diagrammatically in Fig. 5. The hollow sealed blades, 
individually welded to the rotor disc, are filled with a 
sodium-potassium alloy which is molten between 12°F 
and 1443°F. Heat from the blade surfaces is first passed 
to the roots by the strong natural convection currents set 
up bv centrifugal force within the blade, and is there 
transferred to the secondary coolant, which is water, and 
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Fig. 5. Diagrammatic sketch of two-liquid closed 
thermo-syphon cooling system in turbine rotor blade. 
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finally removed from the turbine rotor. By this means it is 
hoped to restrict the blade temperature to about 1200°F. 

Initial tests at the maximum design temperature of 
2200°F have been successfully carried out. If the author’s 
estimates are correct, this order of temperature is hardly 
likely to yield a startling improvement in gas turbine per- 
formance unless a complex cycle is used. The construc- 
tion and testing of the first liquid-cooled gas turbine is, 
nevertheless, a most significant advance which may well 
determine the extent of its future application. Whichever 
method of cooling is adopted, the heat so transferred 
represents a loss of highly available thermal energy. This 
cooling loss has an adverse effect on the performance of 
the gas turbine—it has been described as “negative reheat” 
—but the effect may be mitigated by transferring the 
energy to some auxiliary cycle capable of producing addi- 
tional power. 


Development of Nuclear Power 

It is unfortunate for the new prime mover that at this 
crucial stage in its development the attention of many 
engineers has been deflected away from the gas turbine 
and concentrated instead on nuclear energy. With the 
commissioning of Calder Hall and the enlarged construc- 
tional programme of other nuclear power stations using 
steam cycles to convert the heat generated by nuclear fis- 
sion to mechanical work, the gas turbine has been largely 
forgotten. In a recent paper ZOLLER™ describes the types 
of steam cycle at present used in nuclear power plant, 
while BayLey™ discusses the relative merits of steam and 
gas turbines for this particular application. 

There is no doubt that in the present state of reactor 
development, which limits the maximum operating tem- 
perature to about 750°F, the gas turbine is at a grave 
disadvantage in terms of thermodynamic performance. A 
comparison of the dual-pressure steam cycle with the 
simple gas-turbine cycle at the above temperature suggests 
a thermal efficiency of about 28% for the former and 
only about 16% for the latter. At lower temperatures the 
comparison is even worse, though naturally the rate of 
efficiency increase with operating temperature is much 
greater for the gas turbine. For temperatures of the order 
of 1200°F there is little difference between the gross 
efficiencies of the two cycles, but since the rate of effi- 
ciency increase with temperature is comparatively low for 
the steam cycle, this in itself does not provide any great 
inducement to reduce reactor size and thus open the way 
to higher reactor temperatures. Effort at the moment 
seems to be concentrated on planning new nuclear power 
stations rather than increasing the performance of those 
already built or under construction. 

There is, in any case, a long way to go on the tempera- 
ture scale before the gas-turbine cycle could show a 
markedly better efficiency than the steam cycle. Added to 
which the huge bulk of the contemporary reactor makes 
any comparison of steam and gas turbines on a weight 
basis almost meaningless, because the reactor weight must 
be included in the comparison. Finally, it is reasonable to 
assume that by the time reactor temperatures reach a level 
where the gas turbine becomes competitive, such a wealth 
of operating experience with steam plant will have been 
acquired that a strong disinclination will exist to convert 
to another (and, as before, untried!) prime mover. There 
are therefore no good reasons for supposing that in the 
foreseeable future the gas turbine will supplant the steam 
turbine in this field. 

Before any attempt is made to summarise the present 
position of the industrial gas turbine and to indulge in a 
little crystal-gazing, it is appropriate to refer to some con- 
clusions drawn by Brown in his Thomas Lowe Gray lec- 
ture of 1954 to the Institution of Mechanical Engineers. 
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He thinks that ultimately the high-temperature gas turbine 
will be a lighter installation of higher thermal efficiencies 
than are possible in a steam plant. The fundamental dif- 
ference, as regards temperature, between steam cycles and 
open gas-turbine cycles, is one of heat transfer through 
the superheater tubes as against the direct generation of 
heat in the working fluid. The pipes, nozzles and blades 
can be cooled in a steam cycle, but there seems no way of 
surmounting the problem of transmitting heat of the 
highest temperature and pressure which the superheater 
can stand. According to Brown, this sets a natural limit 
to the temperature of the steam cycle which does not 
apply to the open-cycle gas turbine. 

What, then, does the future hold for the industrial gas 
turbine? Here we have a prime mover which, on the best 
available information, is potentially capable of an over- 
all performance superior, in terms of efficiency and specific 
output, to that attained at the present time by any other 
prime mover. If present trends are anything to go by, the 
gas turbine is also potentially capable of operating not 
only on distillates, but also on a wide range of residual 
and even some solid fuels. The reduction in running costs 
which would be brought about by the ability to burn 
low-grade fuels, even without the development of high- 
temperature sets, would make the gas turbine an infinitely 
stronger competitor in the industrial field than it is at 
present. The successful introduction of high-temperature 
sets of proved reliability would, however, probably have 
a much more profound effect on the position of the indus- 
trial gas turbine. If both conditions could be achieved 
simultaneously, the transformation would be even greater. 

It is improbable that the present rate of progress 
towards these goals will be increased, largely because the 
resources which might have been made available a few 
years ago have been earmarked and used for other pur- 
poses. In the next few years, therefore, it is unlikely that 
in this country the gas turbine will find a place in any 
field involving nuclear fission or nuclear fusion, whether 
it be electric power generation or the proposed propulsion 
of very large vessels. With the present emphasis on long- 
term electrification and short-term diesel conversion, the 
railways of this country will continue to show little dis- 
position to favour the industrial gas turbine in its present 
form, though elsewhere this may not be the case. It is 
difficult to anticipate automobile development, but a high- 
temperature unit for a car would involve a solution to the 
problem of disposing of appreciable quantities of heat 
transferred to the coolant, as well as the overcoming of 
the present difficulty with the heat exchanger. 

On the whole it seems likely that the industrial gas 
turbine will find its widest application in the field of 
marine propulsion, particularly for the intermediate 
ranges of tonnage, for which the diesel engine is too cum- 
brous and where nuclear propulsion is believed to be im- 
practicable. The gas turbine will then be in competition 
only with the steam turbine. The extent of this application 
will, however, depend very largely on the success of ven- 
tures like the Auris, and particularly on the experimental 
liquid-cooled, high-temperature gas turbine. If American 
trends are followed in Great Britain, the gas turbine may 
also find a worthy place in the chemical industry. 

Finally, mention must be made of the “hybrids”, i.e., 
the possible combinations of gas turbine and diesel en- 
gine, none of which has yet been widely used for indus- 
trial purposes. They are: (a) the diesel engine fitted with 
an exhaust turbo-supercharger; (b) the diesel-air compres- 
sor combination in the form of a free-piston engine acting 
as a hot gas generator for a gas turbine; and (c) the super- 
charged diesel-gas turbine combination where both units 
provide a useful output, the diesel engine exhausting at 
low pressure to the gas turbine. 
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Fig. 6. Free-piston gas generator supplying a gas 
turbine. 


The first of these possibilities can apparently yield brake 
mean effective pressures of up to 300 Ib per sq. in., which 
represents a very considerable improvement on normal 
mean pressures of about 120 Ib per sq. in. with little or 
no sacrifice in thermal efficiency. The second combination, 
shown diagrammatically in Fig. 6, is becoming increas- 
ingly popular in France for marine applications and for 
use in power stations (BEALE and WATSON”) where a 
multiplicity of diesels supply hot gas to a single turbine. 
The resulting advantages in maintenance are obvious. The 
combination has also been adopted by a division of a 
very large British firm engaged in the production of all 
types of chemicals. The third possibility has not yet been 
widely used, though a good example is the Nomad com- 
pound diesel for aircraft (CHATTERTON™). It combines 
many of the advantages of its component prime movers, 
and should be capable of extremely high overall effi- 
ciencies, possibly exceeding 40%. In one or other of these 
forms the gas turbine may well find acceptance in the field 
of industrial power production, though no pronounced 
trend is discernible at the present time. 
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PURFLEET OIL-HARDENING PLANT 


Hydrocarbon-reforming and _ edible-oil 


hydrogenation _ installations 


commissioned at Van den Berghs & Jurgens’ Stork margarine works 


NEW departure for the Unilever organisation, and 
A indeed for the food industry in Great Britain, is 
the use of a steam-hydrocarbon reforming process at the 
recently-commissioned plant at the margarine works of 
Van den Berghs & Jurgens Ltd., Purfleet, Essex, in the 
production of pure hydrogen for the hardening of edible 
oils. The new installation, which has a capacity of 60,000 
tons of hardened oils a year, is in two parts—a Power-Gas 
Hercules reforming plant, rated at 24,000s. cu. ft an hour 
of hydrogen of minimum purity 99.5%, and a hydrogena- 
tion plant consisting of six 18-ton hydrogenation vessels 
with ancillary equipment. 

The gas-making plant, whose feed stock is propane, has 
been designed to yield hydrogen containing, in particular, 
a very.low proportion of carbon monoxide, and a special 
feature of it is the methanation unit installed at the end of 
the purification line to convert residual traces of carbon 
monoxide to methane. The complete hydrogen-making 
plant, which was supplied by Power-Gas Corporation Ltd., 
Stockton-on-Tees, consists of four sections: 

(1) The Hercules reforming furnace. 

(2) Plant for the conversion of carbon monoxide to 
carbon dioxide and for the removal of the carbon 
dioxide. 

(3) The methanator. 

(4) Compressors, dryers, heat exchangers and storage 
equipment. 

The propane feed-stock, received by road pressure- 
tanker from the adjacent Shell-Haven refinery and stored 
in two 25-ton vessels, is first vaporised by hot condensate 
and is passed through activated carbon drums to remove 
any sulphur compounds, The propane feed, mixed with 
steam, is then fed to the reformer. The reaction, which 
yields hydrogen containing about 20% of carbon 
monoxide, takes place inside four catalyst-filled stainless- 
steel tubes heated to a temperature of over 1600°F by ten 
oil burners. 


Hydrogen Purification Line 

The gas is cooled with steam and condensate from an 
amine reboiler and is then passed through the first carbon- 
monoxide converter, carbon dioxide and extra hydrogen 
being made in the process. The carbon dioxide is then 
scrubbed out with a solution of mono-ethanolamine in 
water, and the gas undergoes a further stage of carbon 
monoxide conversion and carbon dioxide removal. The 
amine solution is regenerated by boiling and it is then re- 
circulated, first to the second-stage carbon-dioxide absorber, 
then to the first-stage absorber where it is regenerated. The 
last traces of carbon monoxide in the hydrogen are re- 
acted to methane over a nickel catalyst at about 250°C. 
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The hydrocarbon reformer furnace is located in the 
tower, left. Also shown are converter and absorption 
towers. 


The reforming catalyst is expected to have a life of at 
least two years and the carbon-monoxide conversion 
catalyst a life of at least three years, and it is thought 
that the new methanation catalyst will last at least one 
year. 

The hydrogen leaving the methanators is cooled to about 
the ambient temperature, moisture is removed, and the gas 
is then compressed to 90 psig by two-stage vertical com- 
pressors. A Wiggins dry gasholder of 7500 cu. ft capacity 
is connected to the outlet from the purification train to 
provide buffer storage and automatic control of compres- 
sors. The high-pressure hydrogen is then refrigerated for 
further removal of moisture, and is stored in a 32 ft 6 in. 
diameter hortonsphere supplying the hardening plant. To 
maintain the temperature of the reforming and purification 
sections of the hydrogen plant at week-ends, recirculation 
is employed, the steam for this and essential heating in the 
hardening plant being supplied from an automatic oil-fired 
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Flow diagram illustrating 
the edible-oil hydrogenation 
process employed at the 

new Purfleet plant. 





boiler of 3300 lb./hr evaporation. This avoids the need to 
maintain steam supply for these purposes only from the 
main boilers. 


Oil Hardening Plant 

For the hydrogenation process liquid oils which have 
undergone preliminary treatment in the company’s refinery 
on the site are taken through weighbridges and centre 
points to any of the six 18-ton hydrogenation vessels. 
These vessels, which were made to Unilever’s design by 
G. A. Harvey & Co. (London) Ltd., Greenwich, London, 
S.E.7, are equipped with agitators and facilities for adding 
the catalyst. The mixture of oil and catalyst is de-aerated 
by being subjected to vacuum (from two-stage ejector 
systems), and during that process the first stage in the 
heating of the charge with steam coils is carried out. 
Hydrogen is then admitted and the saturation reaction 
proceeds rapidly and exothermically. The heat liberated 
raises the charge to the operating temperature, and this 
temperature is then maintained by generation of steam in 
the coils from hot condensate fed through an automatic 
controller. 

When the hydrogenation has been completed and the 
hydrogen supply cut off, the set-point of the automatic 
temperature controller is lowered to provide steam genera- 
tion in the coils during the initial stage of cooling. The 
final cooling is carried out by an enclosed system which 
is common to the hydrogen and hydrogenation plants. 
When the temperature has been reduced to 100°C the 
hardened oil and catalyst is pumped via the centre point 
system to one of eight 500 sq. ft filter-presses for removal 
of catalyst. The clear oil is pumped to any of twelve 
18-ton hardened-oil storage tanks for use by the refinery. 

The oil-and-catalyst cake from the presses is dropped 
on to a scraper conveyor system and transferred to one 
of eight 3.6-ton re-use catalyst vessels or, if the activity 
has sufficiently deteriorated, via a reject conveyor to drums 
for transfer to another works for reactivation. New 
catalyst, received in drums, is diluted with oil in one of 
two 2-ton vessels on the ground floor of the hardening 
house, before being transferred to the hardening vessels. 

High-pressure steam is provided only for the vacuum 
system and final heating of the hydrogenation vessels. The 
hydrogenator coils are interconnected so that the exother- 
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mic steam produced during hydrogenation can be con- 
sumed for the heating of any of the other vessels. If no 
vessel is available to be heated, this steam is directed into 
the low-pressure steam system which is used for all other 
heating services. All cooling, including that of the hydro- 
genation vessels, is effected by circulation of condensate 
through heat exchangers on a closed circuit, and this con- 
densate is, in turn, cooled by salt water from the Thames 
Estuary. 

As the demand for hydrogen is considerable, variable 
pressure differences are created in the hortonsphere, but 
a standard pressure of 42 psig is maintained at the hydro- 
genation vessels by an automatic regulating valve. All pipe- 
work, steelwork and the armouring on insulation is bonded 
to earth, and the lightning protection scheme covers all 
buildings and outdoor plant in accordance with the rele- 
vant codes of practice for hazardous areas. Where there 
is a theoretical possibility of release of hydrogen or 
propane, all electrical power and lighting circuits are 
purged and pressurised with dry air, and the appropriate 
control circuits are certified as intrinsically safe. Inter- 
locks prevent hydrogen from reaching areas which are 
classified as free from danger. 

Ancillary installations include a tank park with a 
capacity of 30,000 tons for crude edible-oil storage which 
has been installed adjacent to the hardening plant, and 
a semi-automatic weighing house for incoming crude edible 
oils, with a capacity of about 500 tons an hour. An agree- 
ment has been made with Shell-Mex & B.P. for ocean- 
going craft carrying edible oils to discharge to this park 
from their jetty, and for small craft calling at Shell to be 
bunkered on a portion of Van den Berghs & Jurgens’ jetty. 

The total cost of the hydrogen-making and hardening 
plant together with the tank farm, extension to edible-oil 
refineries, and other supplementary equipment is about 
£1 million. Its use will avoid the transport to Purfleet of 
hardened oils from other factories with a consequent 
deterioration in quality, and it will enable oils in the best 
condition to be used in the margarine plant. 

Piling operations for the foundations were started in 
November 1955 and the plant was commissioned in Feb- 
ruary 1958. It, together with a steam and power plant of 
similar cost, was officially opened by Mr. J. A. Connel, 
director of Unilever Ltd., at a ceremony at the site recently. 
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THE SEPARATION OF LIQUID DISPERSIONS 


A review of methods for the recovery of dispersed liquids 


for use in industrial liquid-liquid extraction processes 


by E. ATKINSON, D.L.C. and D. C. FRESHWATER, Ph.D., A.M.1.Chem.E. 


HE rapidly-growing importance of liquid-extraction 
ye a chemical-engineering technique for the separation 
of liquid mixtures is reflected in the amount of published 
work on such aspects as the prediction, determination and 
representation of phase equilibria, methods of stagewise 
calculations and the design of contacting apparatus. 
Almost all this work emphasises the mass-transfer aspect 
of the operation, but there is an important practical prob- 
lem which arises subsequent to the mass transfer and that 
is the physical separation of the liquid mixture into extract 
and raffinate phases. Unless this can be accomplished easily 
and nearly completely the extraction process is of little 
value. In the general case the problem may be considered 
as the separation of a dispersion consisting of droplets of 
two immiscible liquids into the separate phases. Thus we 
have drops of the light phase rising through a continuous 
phase of the heavy liquid or through a cloud of drops 
of heavy phase or both. Similarly, we could consider drops 
of the heavy phase falling first through a continuous layer 
of light phase and then through uncoalesced droplets of 
the light phase. The problem may be simplified, however, 
by considering only the movement of single drops through 
a continuous phase. Clearly, amongst the important factors 
are the size of the drops, the relative densities of the con- 
tinuous and dispersed phases, their interfacial tension and 
viscosities. In practice the approach to the design of settlers 
to separate dispersions is largely empirical and the equip- 
ment used for further separation after a primary break has 
been made is completely so. Nevertheless, an understand- 
ing of the effect of the basic factors noted above, if only 
in a quantitative way, is desirable when considering the 
development of separating equipment. 

Although one is interested in unstable emulsions, i.e., 
dispersions rather than stable emulsions, some of the 
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features of the latter which have been studied very exten- 
sively are of interest and will be considered first. 


EMULSIONS 

Dispersions or temporary emulsions are encountered 
industrially mainly in liquid-liquid extraction and steam 
distillation processes. Sometimes more stable emulsions are 
formed which require to be broken before separation will 
occur; for example, in the cleaning of waste water, in 
petroleum refining, from oil pollution so that the water 
may be discharged, or in the desalting of crude petroleum, 
which is an example of liquid-liquid extraction where the 
emulsion formed in contacting is found to be fairly stable. 
Unlike the large amount of work published on stable emul- 
sions, very little has been published on the unstable 
emulsion or dispersion. 


Basic THEORIES 

A dispersion results when two immiscible liquids under- 
go some form of agitation or mixing in the absence of an 
emulsifying agent or stabiliser. One phase is dispersed in 
the form of small drops in a continuum of the other. Most 
stable emulsions have a particle size of the order 1.0 to 
1.5 microns,’ while a relatively coarse dispersion? which 
settles fairly rapidly will have a particle size of about 
1 mm. 

It is customary to speak of either Oil-in-Water or 
Water-in-Oil emulsions, referring to whether oil or water 
is present in the dispersed phase even if no aqueous phase 
is present in the extraction process. 

OstTwaLp* showed that if an emulsion can be considered 
to consist of equal-sized droplets of one phase dispersed 
in another, the drops would all touch each other when the 
volumetric ratio of the dispersed phase to the continuous 
phase was 74.02 : 25.98 or approximately 3: 1. If this 
ratio was increased inversion would occur with the dis- 
persed phase, forming the continuous phase. Thus from 
0 to 26% volume of water would form a W/O emulsion 
and from 74 to 100% volume would form an O/W emul- 
sion. Between 26 and 74%, both types of emulsion are 
possible, and other factors must be considered. 

Even where the dispersed droplets are not uniform in 
size or perfect spheres, the above ratio is approximately 
correct. The viscosity of each phase plays an important 
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Fig. 1. Zigzag movement of an oil drop during its passage 
through water. 
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Fig. 2. A simple type settler dimensioned for a short reten- 
tion time. 
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Fig. 3. The Edeleanu settler is a refinement of the settler 
shown in figure 2 since the inflow is guided. 
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part, a high viscosity of one liquid favouring its forming 
the continuous phase. However, a trace of an emulsifying 
or surface active agent will have a profound effect. In 
general, the liquid in which the emulsifying agent is 
soluble tends to form the continuous phase. The phase 
ratio, as mentioned above, affects the system in that a low 
volumetric ratio of oil to water will tend to form an O/W 
emulsion and vice versa. On dilution of the dispersed 
phase, inversion of the emulsion will occur. 

The surface tension or interfacial tension between the 
phases has also some effect on the stability of an emul- 
sion. The lower the surface tension, the more stable is 
the emulsion. The gravity differential controls the rate of 
break of an emulsion and if this is small it is obvious that 
a stable system will be encountered. MEISSNER and CHER- 
Tow* found that the polarity of the dispersed phase could 
decide the ease of separation. A known polar molecule, 
such as benzene, in the dispersed phase seems to form a 
stable fog, which will break down on the addition of an 
electrolyte. The method of agitation may have an influence 
on particle size and affects the stability or rate of break 
of an emulsion. HERSCHEL’ and Moore® and Hunrter and 
NASH,’ experimenting with various oils and water, found 
that with increasing speed of agitation the rate of settling 
of the resulting dispersions at first passed through a mini- 
mum and then increased. 

Several workers* *° have attempted a quantitative study 
of the rate of breaking of unstable emulsions, and found 
that accurate work could be done only with a very high 
degree of control. Results varied depending on traces of 
impurities, amount of impurities, quantity of air bubbles 
introduced during mixing, variation in type and violence 
of agitation to obtain the emulsion, and also depended on 
which phase of the emulsion wetted the container first. 
Many of these variables cannot be controlled in an indus- 
trial operation. 

Although methods for separation of these emulsions into 
two phases are dependent basically on settling, important 
subsidiary techniques are employed to render the emulsion 
unstable or to coalesce the droplets. These include the 
following : 

Dilution with the dispersed phase, centrifuging and 
cyclone separation, coalescence and film rupture by solid 
contact in a packed bed, the use of a porous medium which 
permits passage only of the phase which wets it,” electrical 
methods of coalescing, filtration and flocculation, biofiltra- 
tion and, finally, the application of heat which of itself will 
sometimes break an emulsion. 


SETTLING THEORIES 

The well-known Stokes Law relationships derived for 
rigid spheres applies only at very low REYNOLDS NUMBERS 
and ignores slip and wall effects. Liquid droplets, being 
non-rigid, introduce a further variable because of the shear 
stress on the droplet. In addition, there will be internal 
circulation within the drop which may be accentuated by 
mass transfer. 

From experiments on terminal velocities of rising-air 
bubbles and falling drops of liquid, Bonp" derived a 
modification of Strokes LAw which was _ subsequently 
developed by Bonp and Newton" to include surface ten- 
sion effects. The relationship may be written in terms of 
the velocity of rise of droplets through a continuous phase 
as 


V= 





(ec — ep) gd? (2 $2) 
18uc uc’ 2w 
where V = the velocity of rise ft/sec.; 
= the density of the continuous phase, Ib./ft*; 
= the density of the dispersed phase, Ib. /ft*; 
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Fig. 4. Diagram of baffled separator, showing 
arrangement of baffles. 


uc = the viscosity of the continuous phase, f.p.s. 


units; 
Mp = the viscosity of the dispersed phase of f.p.s. 
units; 
d=the droplet diameter, ft; 
o = the interfacial tension Ib./ft; and 
w = the displaced weight of the droplet, i.e., allow- 
ing for buoyancy, Ib. 
dc. 
For small drops =< is large and the second term in the above 
expression approaches unity, i.e., Stokes LAw applies. For 
dc. 
large drops — is small and the term f . os approxi- 
2w Hc 2w 


(uc + Hp) 
2uc + 3nd 


is small, this relationship predicts that 


mates to the value 


4 
Thus when “2 
ic 
large droplets will rise 1.5 times as fast as would be cal- 
culated on the basis of Stokes Law. The validity of the 
above equations has been put in some doubt by the work 
of GARNER and HAMMERTON.” 


Tue Errect oF DEFORMATION 
The deformation of a drop moving through a liquid 
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continuum is dependent on the viscosity, surface tension and 
the size and density of the drop. When a drop of oil rises 
through a continuum of water it starts in the shape of a 
sphere and moves in a straight line perpendicular to the 
surface of the water. Due to the upward motion of the 
drop, there is a reaction to the fluid pressure downwards. 
This is less than the force causing the drop to rise, but 
momentarily greater than the lateral pressure. One might 
expect that this increase in pressure on the top surface of 
the drop should be transmitted instantaneously through 
the liquid such that the lateral pressure would be of the 
same magnitude; but if the drop is accelerating from rest, 
this may not be so. Now if this increase in pressure on its 
projected horizontal area is greater than the resistance 
provided by the viscosity and surface tension, the drop will 
become flattened on top. The drop will thus provide an 
increasingly greater resistance to rise and will tend to move 
in a lateral direction. This action will repeat itself and the 
drop will move in a zig-zag path, as shown in Fig. 1. An 
increase in the size of the drop will lead to an increase in 
the ampiitude ‘a’ of the zig-zag path because the large 
drop wil! provide a greater resistance to motion. This effect 
will increase the length of path the drop travels, and 
hence reduce the experimental value of the terminal 
velocity. This effect has been noted by Hart" and con- 
firmed by GARNER and co-workers." 


THE BREAKING OF DISPERSIONS 

The separation of most dispersions occurs in two dis- 
tinct phases. To begin with, there is a rapid coalescence 
of the droplets to give one clear interface between the two 
phases. This leaves one (or sometimes both) of the phases 
cloudy due to the presence of a large number of minute 
droplets. The clearing of these is termed the secondary 
break and may take many hours, or even days. Generally 
the primary break is so rapid as not to constitute any 
serious problem in settler design. However, the separation 
of the secondary fog of droplets is often a real difficulty. 


THE EFFect OF CONCENTRATION OF A DISPERSION 
In a practical settling operation the concentration of 
drops may be fairly high in the case of liquid-liquid extrac- 





Fig. 5. Elevation and plan views 
of the A.P.I. gravity separator. 
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tion operation or quite low in the case of separating oil 
from waste water. The effect of concentration of the drops 
is believed to be coalescence, that is, the joining together 
of small drops to form large ones. The separation of a 
dispersion also involves the coalescence of the dispersed- 
phase drops. This results in an increasing rate of separa- 
tion into two phases, since the terminal velocity increases 
with the size of drops. 

There are two ways in which coalescence will take place: 
(1) by collision between drops; and (2) by the solubility 
effect. 

Collision will occur due to the difference in terminal 
velocities. The large drops travelling much faster than the 
small will thus collide with the small drops and coalesce. 
The greater the interfacial tension between the two phases, 
the greater is the tendency to coalesce. Interfacial tension 
is, however, low for liquids of a high mutual solubility and 
is lowered by the presence of emulsifying agents.'* A high 
viscosity of the continuous phase will hinder the tendency 
to coalesce, since the rate at which a thin film between 
the drops is removed will be slow. 

The solubility effect may only be of importance when 
very small drops are present with large ones. If there is 
a high mutual solubility between the two phases, the 
material in the small drops will be more soluble than that 
in the large drops, and the latter grow at the expense of 
the former. This effect is shown by the short life of a 
secondary fog in a system such as butanol-water, methyl- 
ethyl-ketone-water.* 

The speed with which the primary break occurs in all 
systems may be explained by the theory of collision. How- 
ever, at high volumetric phase ratios the concentration of 
drops is small, and the drops do not coalesce by forming 
secondary fogs. Collision does not often occur due to the 
low terminal velocities, These fogs are stable where the 
mutual solubility is low and may be expected to be even 
more stable if the drops contain an electric charge. 


THE EFFECT OF PHASE RATIO 
Immediately after the primary break of a system, the 
secondary fog is usually present in the majority phase, 




















Fig. 6. A diagrammatic representation of a 
centrifuge bowl. 
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i.e., the phase which has the larger volume fraction of the 
system. Now the greater the phase ratio, the worse is the 
secondary fog in the majority phase and the clearer is 
the minority layer immediately after the primary break. 
When the phase ratio equals or exceeds OSTWALD’s’ cal- 
culated value of 3: 1, the minority phase is generally 
crystal clear, and in some cases the minority phase is 
clear even when the phase ratio approaches unity, 

MEISSNER and CuHERTOW' show this clearly for the 
system of butanol-water. Seven tubes containing the 
butanol-water system, each tube having a different phase 
ratio from 95 : 5 to 5 : 95, were shaken for three minutes 
by hand. They showed that the critical ratios between 
which neither layer is fogged after the primary break is 
63 : 35 to 35 : 65. This indicates that OsTWaLD'’s critical 
ratio gives an idea of the effect of the phase ratio on any 
system; for a particular system, however, the effect of 
the phase ratio should be found experimentally, since the 
size of the drops, and hence the separation, is dependent 
also on the type and extent of the agitation. 


THE EFFECT OF POLARITY OF DISPERSIONS 

MEISSNER and CHERTOW‘ found that dispersions of non- 
polar droplets appear to be very stable. For example, with 
the system of benzene-water, if water was the dispersed 
phase, the secondary fog formed could be broken by the 
addition of excess water. But a cloudy-water layer with 
benzene dispersed in it showed no improvement on dilu- 
tion with benzene. If the components in a system are of 
low mutual solubility and the dispersed phase consists of 
non-polar droplets, the dispersion is stable. It is interesting 
to note that in the case of benzene-water, if hydrochloric 
acid is added to the system the fog could be separated by 
dilution with benzene; but addition of sodium hydroxide or 
potassium chloride, which are both insoluble in benzene, 
did not make the fog less stable. 

Also, in the case of furfural-heptane, the high mutual 
solubility of the two phases brings the polar phase, furfural, 
into the dispersed heptane droplets and separation of the 
fog by dilution with heptane is successful. This stability 
of non-polar dispersions does not appear to be due to an 
electrical charge. MEISSNER and CHERTOW* state that, in 
the systems which were recoverable, some systems were 
found to be charged and some not, The evidence suggests 
that acting on the drops of a dispersed phase, are attrac- 
tive or repulsive forces which are dependent on polarity 
and affect the stability of the system. An exception to 
this is the glycerine-nitrobenzene system, where nitro- 
benzene as the dispersed phase cannot be recovered by 
dilution, although both phases are polar. 


RATE OF BREAKING OF DISPERSIONS 

As mentioned earlier, this is very difficult to measure 
quantitatively because of the difficulty in controlling the 
many variables. STAMM and KRAEMER* give an interesting 
table showing the effect of viscosity, surface tension and 
interfacial tension of each system on the approximate 
rate of separation of various systems. Each system has a 
phase ratio of 1 : 1 and were shaken by hand and allowed 
to settle. 

Table I contains a series of liquid systems with water 
as the common member, and Table II with glycerine as 
the common member. It will be seen that in each case the 
less viscous liquid tended to remain dispersed in the more 
viscous phase, but in every case where glycerine was 
present the glycerine formed the dispersed phase. This 
agrees with the general rule that the more viscous phase 
will generally tend to form the continuous phase. The 
effect of the relative viscosity of the two phases is shown 
clearly in Table I. Where it is low, the rate of separation 
is fast, but where it is high the rate of separation is slow, 
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varying from 10sec. for benzene-water to 15 min. for 
isoamyl alcohol-water. This agrees with the modified 
Stokes Law. The effect of interfacial tension is not so 
obvious and no correlation of the Bonp and Newron effect 
was found. 


ACCELERATED BREAKING OF SECONDARY FOGS 

MEISSNER and CHERTOW' devised a technique for 
accelerating the break of a secondary fog based on the 
observation that in many systems the minority phase is 
always clear on separation. For example, a layer of nitro- 
benzene clouded with water may be clarified by agitation 
with excess water, or a water layer clouded with 
nitrobenzene. 

The phase ratio required for recovery should be deter- 
mined for each case experimentally, but is often near 
OsTWALD’s value of 3:1. As might be expected, the 
majority layer is often clouded after recovery. Systems 
in which either phase may be clarified in this way are 
called totally recoverable—a list of these found by 
MEISSNER and CHERTOW' is shown in Table III. The 
systems where only one of the components can be clarified 
are called semi-recoverable; an example is benzene-water. 

The technique of adding four times the volume of the 
fogged phase does not apply where the fog consists of 
non-polar drops. This, as stated earlier, can be overcome 
by the addition of a soluble polar material. But this is 
often not practical, because it causes contamination of the 
system. If the cloudy phase is caused by too much agita- 
tion, consideration should be given to reducing the polar 
phase to 20%, and reducing the violence of agitation. 

If, however, the cloudy phase is recoverable, industrially 
a recycling operation may be applied as represented in 
Fig. 8. If we have two phases A and B and after separation A 
layer is fogged, the clear B layer is taken off. The A layer 
is then agitated with some cloudy B layer and on separa- 
tion a clear A layer is decanted, the cloudy B layer being 
continually recycled so that no loss of material occurs. 

This procedure is only applicable to unstabilised emul- 
sions, but it appears that it can be applied to some 
stabilised systems if the surface-active agent is first 
precipitated. 


The Design of Settlers 

Settlers may be classified into two main groups accord- 
ing to whether they are to separate the simple, unstable 
primary emulsions commonly encountered in liquid extrac- 
tion, or more stable secondary fog that often remains after 
the first break has occurred. Primary settlers may also be 
classified by their mode of action, i.e., gravity settlers or 
centrifugal settlers. On the same basis, secondary settlers 
may be of the coalescent or membrane type. 


PRIMARY SETTLERS 
(a) Gravity Settlers 
The primary break is ordinarily so rapid that the gravity 
settler often comprises a simple tank with provision for 
inflow, short holding time and outflow of heavy and light 
phases, This, in its essentials, is shown in Fig. 2. The out- 
flow of heavy liquid is through a rising leg, thus balancing 
the head of the two phases inside the tank against a 
slightly smaller head of phase in the leg. This controls the 
interface position since 
Xpu + Hu = Yeu + Zen + A 
where pu and p, = the densities of the heavy and light 
phases respectively; and 
Hu and H; = the heads lost by the heavy and light 
liquids respectively in flowing through 
the exit pipes. 
X, Y, Z are the heads shown in Fig. 2. 
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TABLE I‘—WATER SYSTEMS 
(Phase Ratio | :!) 














































































































a 
Phase Visible Complete Relative Surface Inte: facial 
Relationship Separation | Separation | Viscosity | Tension en sion 
lsoamyl I min, [15 min. | 4.58 24.1 4.4 
alcohol 
Isobutyl |} | ft min. [15 min. | 4.03 22.8 1.8 
alcohol Ww 
N-Buty! im. Ssec. | 2min.| — 24.5 0.4 
alcohol iw 
Oleic (O $] | 30sec. [15S min. | very 32.5 15.7 
acid iw viscous 
Ethyl Ssec. | | min. | 0.45 26.5 18.0 
acetate 
Dimethyl- iD f] | 10sec. | | min. | 1.28 38.3 25.8 
aniline iw 
Nitro- Ssec. | | min. | 1.80 43.5 25.7 
benzene 
Chloroform 5 sec. | 10 sec. 0.55 26.5 32.6 
iC yi 
Carbon- wal Ssec. |10sec. | 0.96 26.9 43.3 
tetrachloride i. - 
Benzene iB | Ssec. [10 sec. | 0.62 28.8 35.0 
Wy 
Heptane = Ssec. |ISsec. | 0.4 19.0 50.4 
Wey 
TABLE II'—GLYCERINE SYSTEMS 
(Phase Ratio | :1) 
Phase Complete 
Relationship Separation 
Ethyl-acetate et | min. 
Dimethyl-aniline -. | min. 
ie 
Nitro-benzene fn 4 | min. 
Chloroform KE 1 min. 
Carbon-tetrachloride 5 sec. 
iC yi 
Benzene Cae 5 sec. 
G J 
Heptane E-4 5 sec. 

















Logically, the design should proceed by determining the 
tank dimensions, such that the linear velocity is sufficiently 
small to allow the heavy drops to fall to the bottom of the 
tank and light ones to rise to the top. However, the droplet 
size is not usually known and, therefore, tanks are designed 
on a basis of holding time, determined either by experi- 
ment or experience. Generally, the holding time allowed 
varies from 15 min. to | hr. Even the lower figure is much 
greater than would be predicted from typical droplet size 
measurements, but some allowance must be made for the 
non-ideal (i.e., nonpiston type) flow through the tank. The 
main refinements on this simple apparatus are concerned 
with guiding the flow through the vessel. Some of these 
are shown in Figs 2 and 3. 
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A special case of gravity settling that is of particular 
interest is the separation of oil from refinery cooling water. 
This is of interest not only because of the vast size of 
settlers used, but also because most settlers follow the 
A.P.I. design which is based upon droplet size considera- 
tions in relation to the average rate of flow of water 
through the separator." Such separators are designed to 
give a cooling-water return containing less than 5 ppm of 
oil.* Considerable attention is given to obtaining good 
(i.e., even) distribution of flow through the separator. A 
diagrammatic cross-section through a typical waste-water 
settler is shown in Fig. 5. 


(b) Centrifugal Separators 

When settling of an unstable emulsion is slow due to a 
small density difference, high viscosity of the continuous 
phase or a small drop size, centrifuges may be used to 
increase the rate of separation, although it has been 
suggested that coalescence of the particles is not effected 
by centrifugal force and a stable emulsion may be con- 
centrated rather than broken by centrifuging.” 


THEORY OF A LiquiD-LiQUuID CENTRIFUGE™ 
The force on a liquid in a centrifuge results in a liquid 
pressure which may be expressed as follows: 
PL 9 9 9 
Py, = — w? (r?, — r*,) 
2¢ 2 1 


- 


where pr, = the density of the liquid; 
r; = any point in the liquid for which the pressure 
is to be calculated; and 
r2 = the radius of the inner liquid face. 

Where two liquids are being separated, the position of 
the interface between the liquids is determined by the 
forces on the opposing columns of liquids. The heavier 
liquid fills the outer part of the centrifuge bowl, discharg- 
ing at a greater radius than the lighter liquid which fills 
the space from the interface to its discharge weir. The top 
disc of the centrifuge is usually made as large as the bowl 
itself to allow a large variation in the position of the 
interface. When the interface is near the centre, the light 
liquid is exposed to only a small amount of centrifugal 
force, and the heavy liquid to a much larger force. The 
feed to the bowl should be as near as possible to the posi- 
tion of the interface. The position of the interface can be 
controlled simply by altering the radius of the discharge 
weir in the centrifuge. It can also be varied by allowing 
either or both of the components to rotate faster or more 
slowly than the bowl itself. Thus, if a drop moving out- 
wards slips radially, it will move more slowly and be acted 
on by a smaller centrifugal force. 

The expression for the position of the interface, with 
no slip occuring, may be developed as follows: 

The pressure of the light liquid L between the inner- 
discharge lip and the interface must be equal to the 
pressure of the heavy liquid H. 

Thus P; = Py at the interface r, 

(r?, — r?i) ex/eH 
1 — eL/eH 
where r,, ri are the radii shown in Fig. 6. 
The ratio of the densities of the two liquids exert the 
major effect on the position of the interface and, if it is 
too small, separation becomes difficult. Separations can, 
however, be made with differences of 3%,, and, with a 
specially constructed centrifuge, less than 1%. 

It can be seen from the above equation that the inter- 
face can be controlled by altering r. or r;. The value of r, 
should be small where a high degree of separation is 
required for the heavier, and to a large value, where 
separation is required for the light liquid. 
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It is a desirable feature of a liquid-liquid centrifuge 
that the position of the interface should not shift much 
during operation. To do this, the flow should not be 
restricted in or out of the centrifuge and should be guided 
in a radial direction to minimise slip. 


TYPES OF CENTRIFUGE” 

The hollow bowl centrifuge has the advantage of sim- 
plicity. It may be built in the form of a long tube with 
a small diameter to obtain large centrifugal forces with a 
high ratio of travel to settling distances. 

It has the following limitations: 

(i) the settling distance must be nearly equal to the 
radius of the bowl; 

(ii) the liquid near the centre is exposed only to a small 
centrifugal force; and 

(iii) the collection of sediment reduces the maximum 
centrifugal force available and, since the area of 
flow is reduced, the velocity of flow is increased, 
reducing the time available for separation. Bowls 
of this type are made up to 12cm diameter and 
for speeds of 15,000 rpm. 

A number of different constructions are used to provide 
bowls with shallow settling spaces, such as concentric 
cylinders, spiral leaves or conical discs. The majority use 
conical discs with thin spacer caulks to obtain a shallow 
settling space with a long path of travel, moderate velocity 
and guided flow of the liquid. The discs are usually smaller 
than the diameter of the bowl to allow for the collection 
of sediment (see Figs. 6 and 7). The disadvantages of 
such a bowl are: (1) the difficulty in cleaning due to the 
number of parts; (2) weight of the parts; and (3) the cost. 
The discharge lips are normally close to the centre to 
reduce the power required and frothing of liquids due to 
air entrainment. 

Centrifuges, because of the high capital and operating 
costs, tend to be limited in application in separating liquids 
to those cases where a very short time of contact is essen- 
tial and/or the value of the product is exceptional. 


(c) Liquid Cyclones™ 

In both gravity settlers and centrifuges, the drop size 
of the dispersion determines the allowable flow rate, the 
capacity being proportional to the terminal velocity of 
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Fig. 7. Centrifuge with conical discs showing how the 
light and heavy liquids are separated. 
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the drops. Separation in a liquid cyclone is accomplished 
by a centrifugal force caused by the vortex motion of the 
dispersion. When the flow of the dispersion through the 
cyclone is increased, the centrifugal force which causes 
separation is also increased. Thus, as an approximation, 
the allowable flow rate is inversely proportional to the 
terminal velocity of the smallest drops. It follows, there- 
fore, that greater throughput is required for smaller drop 
sizes, and the cyclone may be designed as a small unit, 
which is advantageous when considering high pressures. 

The difference in density between the two phases is much 
smaller for the separation of two liquids in a cyclone than 
for the separation of a liquid and a solid. Furthermore, 
depending on the shearing forces set up due to the velocity 
gradient in the cyclone, a dispersion will either coalesce 
or split into smaller drops. Thus the conditions for liquid- 
liquid separation are less favourable than for liquid-solid 
separation. 


SEPARATION CRITERIA 

The separation of a dispersion is dependent on several 
variables, such as the dimensions of the cyclone, inlet 
velocity of the dispersion density difference of the two 
phases, viscosity of the continuous phase, concentration 
of the dispersed phase, and the ratio of underflow (heavy 
liquid) to the total flow through the cyclone. The criterion 
for a separation will differ with each system. For example, 
the separation of a Water/Oil dispersion is dependent in 
the permissible water content of the oil, in the underflow. 

RIETAMA™' has proposed the use of a Separation Number 
E, 





A simple flow diagram of a practical system 


Fig. 8. 
for settling secondary fogs. 





Fig. 9. Flow diagram of a system for the desalting of 
crude oil using a fibreglass packing. 
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A B 
h ie 1 1 
where E, 7 


where A and B= flow rates of two phases into the 
cyclone; and 

A, and B, = the flow rates of two phases in the 
overflow. 


For complete separation A = A; and B,=0. E,= 1. 


EFFECT OF VISCOSITY ON SEPARATION 

Considering a water/oil dispersion, there will be a certain 
drop size where the centrifugal force in the cyclone will 
be balanced by the viscous drag due to the oil flow radially 
inwards. These drops will remain stationary, smaller drops 
will pass out in the overflow and large drops in the under- 
flow. The size of these stationary drops at a given radius 
is proportional to the square root of the viscosity of the 
oil and inversely proportional to the tangential velocity 
at that radius. Thus, separation of water from an oil is 
more practicable the lower the viscosity of the oil for a 
constant inlet velocity. 


EFFECT OF INLET VELOCITY 

An increase in the inlet velocity by increasing the cen- 
trifugal force should increase the efficiency of separation. 
However, VAN RossuM™ has shown that by doubling the 
inlet velocity there is no increase in separation. 


SECONDARY SETTLERS 

As discussed earlier, the most difficult separation prob- 
lem in many liquid-extraction processes is the removal of 
the secondary fogs of fine droplets that may occur in 
either or both of the phases leaving the primary settler. 
One method of dealing with these has already been con- 
sidered—that of diluting one phase so as to pass the limit- 
ing OSTWALD ratio. A simple flowsheet showing how this 
is accomplished in a practical system is shown in Fig. 8. 
This “hook-up” can only be utilised when the fog occurs 
in one phase only. More complex arrangements are 
required for systems where both primary phases are 
clouded, but extensive recycling and hold up of each 
liquid are involved. Perhaps the surface or mechanical 
methods of breaking secondary dispersions are more 
generally useful, and these will now be considered. 


Inducing Coalescing by Using Packed Beds 

Frequently coalescence may be induced by causing an 
emulsion to flow through a bed packed with a substance 
which has a large ratio of surface to volume. The 
mechanism is probably due to two factors: (1) preferential 
wetting of the bed by the dispersed phase, causing the 
drops to collect in the bed and coalesce; and (2) mechanical 
destruction of any surface film that may be present, allow- 
ing the dispersed phase more freedom of movement. 

Usually the emulsion is forced through a bed of solids 
such as sand,” excelsior™ or glass wool. Zwick™ describes 
an installation employing excelsior as a coalescing medium. 
GARRISON and VAN LUENAN*™ patented a desalting process 
for crude oil, in which the emulsion was passed upward 
through a bed of alundum or glass wool. Beds of steel 
wool have been successfully used in coalescing a fog of 
aqueous alkaline solutions dispersed in gasoline.* The most 
complete data on this subject are given by Burtis and 
KIRKBRIDE,” who reported on the use of fibreglass bed 
coalescing a dispersion of salt water in crude petroleum. 
Their results have been confirmed in industrial application 
by the Standard Oil Co. of Indiana.” 

There is little real design data on packed bed coalescers, 
but most units reported in the literature operate with super- 
ficial liquid velocities of 0.2 to 1.0 ft/min. A flow diagram 
of a typical packed-bed coalescer is shown in Fig. 9, where 
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20°C 
— eee A 
Each Phase | (Ergsicm) 
Water-n-butanol 0.988/0.843 | 92.2/20 24.6 
Water-nitrobenzene 0.998/1.201 | 99.8/0.22 | 25.66 
Water-ethyl acetate 1.002/0.905 | 92.0/3 — 
Water-ethyl ether 0.717/0.987 | 93.5/1.2 10.7 
Water-methylethylke- 
tone 0.968/0.836 | 77.4/10 _ 
Water-chloroform 1.00/1.483 99.2/0.1 32.8 
Water-trichlorethylene | 1.00/1.464 99.8/0.1 - 
Water-aniline 0.999/1.216 | 96.5/5 5.77 
Water-methylene chlor- 
ide 1.002/1.329 | 98/— 28.31 
Glycerol-ethyl acetate 1.247/0.895 | —/0.7 9.9 
Furfural-n-heptane 1.313/0.688 | 95.6/3.0 —_ 
Other totally recoverable systems 

Saturated aqueous potassium chloride-n-butanol 

10% aqueous hydrochloric acid-nitro benzene 

10% caustic soda-nitro benzene 

water-benzene-hydrochloric acid 

water-n-heptane-n -butanol 

glycerol-ethyl acetate -water 

glycerol-nitrobenzene-ethyl acetate 











it can be seen that the coalescer is followed by a settler 
for final separation of the now large drops of dispersed 
phase. 


Separation of Dispersions by Means of a Porous 
Membrane 

This is a method that has been developed for the separa- 
tion of dispersions based on the interfacial tension that 
forms between two immiscible liquids. The interface is 
supported by a porous membrane which will allow the flow 
of one phase of the dispersion, and prevent the flow of the 
other phase, provided that the capillary size of the mem- 
brane is larger than the molecular size of the liquid. 

The following factors will affect the separation: 

(1) the interfacial tension between the two phases; 

(2) the maximum capillary size of the membrane; 

(3) the degree of preferential wetting of the membrane 

by one phase; and 

(4) the pressure drop across the membrane. 

At the interface of the two phases there is formed an 
interfacial tension due to molecular attraction. If this inter- 
facial tension is reduced by the addition of surface-active 
agents, the dispersion cannot be separated through a porous 
membrane. If an interface is supported across a membrane, 
there will be a maximum pressure drop above which the 
interface will break and allow both liquids to flow. Below 
this maximum-pressure drop one phase will be retained at 
the surface of the membrane, while the other will flow 
through readily. 

The support for the interface usually is a fibreglass 
porous membrane, preferentially wetted by one phase 
which will pass through so that at no time will the other 
phase displace it. The porous membranes used are classi- 
fied as either hydrophilic (preferentially wetted by water) 
or hydrophobic (water-repellent). The size of the largest 
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capillary opening determines the maximum operating 
pressure. The smaller the opening, the greater the allow- 
able pressure drop. The ideal membrane has a controlled 
capillary size, with sufficient open area to allow practical 
flow rates, and a smooth external surface to give a uniform 
support to the interface and a good mechanical strength. 

It is essential that the liquids reach the membrane in two 
clearly-defined phases. Consider a dispersion of a hydro- 
carbon and water approaching a hydrophobic membrane. 
The hydrocarbon will flow through, but if there is still a 
considerable amount of dispersion present there will be a 
resistance to the flow until the hydrocarbon phase has 
separated sufficiently to form a distinct continuous phase. 
Thus, for practical operation, it is necessary that some 
coalescence takes place first, and separation of a stable 
emulsion by this means is not feasible. The requirements 
for coalescence have been discussed earlier. 

JoRDAN” indicates that the most effective means of 
coalescence is to pass the dispersion through a compara- 
tively fine, rigid-type porous membrane possessing a 
fibrous structure. The coalescence takes place by first 
removing any surface film on the drops and then by 
bringing the drops into close contact in the restricted 
openings of the membrane. Because of varying viscosities, 
interfacial tensions and films, it is difficult to give safe 
velocities of flow for a coalescing membrane. The pressure 
of numerous solid particles will tend to clog such a mem- 
brane, but they may be removed by back-washing. 

The coalescing membranes are thicker than the separat- 
ing membranes to allow contact within the structure, and 
they have a uniform section to prevent by-passing of un- 
coalesced stream. Therefore, the membrane must be fine 
enough to allow coalescing and with enough open area 
for a good flow rate and have a good mechanical strength. 

The basic separator combines two operations, coalescing 
and separation. Fig. 10 illustrates a simple system which 
combines a coalescing membrane, a hydrophobic separa- 
tory membrane and a hydrophilic separatory membrane. 
The dispersion enters the system through the coalescing 
membrane and discharges into the separatory section as 
two clearly-defined phases. Gravity separation will cause 
the heavy liquid to collect at the bottom and the light 
liquid at the top, and the separatory membrane will in 
each case pass the one and retain the other. Entrained 
droplets of the dispersed phase will collect and fall back 
to the interface which is held mid-way between the two 
membranes and controlled by altering the relative outflow 
of the two phases. Fig. 11 shows an installation for the 
recovery of an water/organic-liquid emulsion. The pres- 
sure used is about 25 psig with a flow of 600 gph. 

Units for separating water from gasoline have been made 
to operate at 60,000 gph and they employ 80 coalescing 
membranes and 30 hydrophobic separatory membranes. 


Conclusions 
GRAVITY SEPARATION 

There are many factors which influence the separation of 
a dispersion. It has beén seen that BonD and NeEwTon 
attempted to correlate these to obtain an expression for 
the terminal velocity of a drop of one liquid in a con- 
tinuum of another. But a certain amount of doubt is cast 
on their conclusions as to the effect of surface tension by 
GARNER and co-workers. Further work is required to obtain 
quantitative results of terminal velocities for a practical 
series of liquids and to relate them to the modified SToKEs 
Law. This, while being of academic interest, does not help 
greatly in finding the rate of break of a dispersion. One 
may use STOKES Law to determine the rate of rise of a 
drop in the A.P.I. gravity settler, since the oil in the waste 
water is not of great concentration. On the other hand, 
where the phase ratio is not infinitely large, the concen- 
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tration of the drops themselves brings about coalescence. 

As has been stated, there is great difficulty in controlling 
the operation of an experimental plant to obtain quantita- 
tive results because of the many variables that affect the 
separation. It should be possible to control the agitation of 
two liquids and the temperature of operation in a con- 
tinuous unit, and to measure the rate of separation by 
the depth of the separating zone in a vertical settler, 
assuming, of course, that two clear phases can be obtained. 
The effect of such factors as phase ratio, polarity, electric 
charge, viscosity, surface tension, differential gravity and 
even temperature and type of agitation can be determined. 
However, the profound effect of traces of impurities which 
may be surface active adds considerably to the difficulty 
of experimental work. 

Good inlet ahd outlet distribution and the absence of 
turbulence seem to be the main factors in separator design; 
but the effect of auxiliary equipment of different types is 
not known in a quantitative fashion. Again the quantitative 
advantages or disadvantages of vertical, inclined and hori- 
zontal settlers is not known. There seems room for obtain- 
ing quantitative results for different designs of settlers 
operating on one dispersion. 

The rate of flow of the dispersion through a settler is 
of importance to the separation, since it will affect the 
REYNOLDS NUMBER which defines the state of turbulence. 
Hart" has correlated Re- against oils of various specific 
gravities for an adequate separation in an A.P.I. gravity 
settler. But for an unstable dispersion with a lower phase 
ratio the problem is rather more difficult. It is suggested 
that the REYNOLDS NumBeR should refer to the flow of 
the continuous phase through the body of the settler, and 
that it should be correlated with the holding time or rate 
of the dispersion. 


CENTRIFUGING 

The use of a centrifuge for effecting separation of a 
dispersion is governed principally by the cost. It provides 
a very quick means of separation in a small unit with a 
fairly high throughput. The mechanism of separation is 
simple enhanced gravity settling and it does give a much 
sharper separation in certain cases. The centrifuge does not 
offer an answer to the breaking of a stable dispersion, 
since often it will only be concentrated and not broken 
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CYCLONE SEPARATION 

The use of a cyclone is a very attractive method, since 
one has a large throughput with a small unit. It has an 
advantage over the centrifuge in that it is of much simpler 
construction. However, it only seems to be effective over a 
certain viscosity range of the continuous phase, and for 
certain values of differential gravity. This might be con- 
sidered for liquid-extraction problems where short contact 
time is required. 


SOLID CONTACT AND PoROUS MEMBRANE 

The mechanism of separation by using a packed bed or 
a porous membrane is very similar. The disadvantage of 
a packed bed is that, whereas some coalescence will be 
obtained, the final separation must take place in a gravity 
settler. The membrane settler produced by the SELAs Cor- 
PORATION Of America provides coalescence and gravity 
settling as well as final separation through a porous mem- 
brane. This is a significant advance in the separation of 
dispersions using the phenomena of interfacial tension and 
preferential wetting. 
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THE WEST 
DISTILLATION 
PLATE 


by G. A. DUMMETT, M.A., M.1.Chem.E. 


West plates figure among 
this collection of trays seen 
at a recent exhibition. 





The design and performance characteristics of this versatile distillation 


plate, developed over a number of years, are reviewed by the author 


HE West distillation plate exhibits hydrodynamic 
features which are of general interest in distillation 
plate design. 

In essence, the plate consists of a base tray in which are 
pressed up, or cast, long slotted vapour uptakes (Fig. 1). 
Over these are fitted hoods exactly analogous to those of 
a bubble hood plate, but unserrated. The lips of these 
hoods abut on perforated plates which are spaced from 
the underlying base plate, and extend the whole width of 
the trough formed between the two hoods. The liquid flows 
over weirs at either end of the trough and passes longi- 
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Fig. 1. Base tray showing long slotted vapour uptake. 
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tudinally down it and over the perforations. The vapour 
rises up through the vapour uptakes, passes into the trough 
beneath the perforated plate and then bubbles up through 
the perforations and the liquid lying upon them. The plate 
can therefore be regarded as a compound of a bubble 
hood and a perforated plate. 

All the vapour must bubble vertically upwards through 
the liquid on the tray, but investigation has shown that 
the plate exhibits one remarkable characteristic—the area 
of perforated plate operative depends on the vapour load- 
ing. This can be clearly seen in illustrations 2-4, taken 
through a full-scale section of the plate made in Perspex. 
When the vapour loading is low (Fig. 2), liquid virtually 
fills the trough under the perforated plate and vapour 
bubbles up through those perforations nearest to the hood, 
As the vapour loading is increased (Fig. 3), the area of 
perforated plate open steadily increases, the vapour press- 
ing back the cushion of liquid under the perforated plate 
to expose more perforations to the vapour. This process 
continues until a limiting velocity is reached (Fig. 4) when 
the plate can open up no farther and instead the liquid 
is lifted bodily off the tray and the column primes, The 
plate is therefore self-adjusting as to the vapour load 
within wide limits. 

The width of plate opened up at any given vapour load 
depends on the perforated area and, to a lesser degree, on 
the size of perforation (Fig. 5). In all cases the opening- 
up process is such that at any vapour load or with any 
size and spacing of perforations within wide limits, the 
vapour velocity through the perforations is roughly con- 
stant. As a result, it is found that the plate efficiency is 
virtually independent of the dimensions of the plate or 
of vapour velocity. 

The liquid flow down the troughs is in the form of a 
wide bolster or sausage of froth extending from the hood 
well out into the trough, even at low vapour velocities, 
and having a rotary motion imparted to it, due to the 
sweep of the vapour under and upwards through the 
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trough beneath the perforated plate. There is, therefore, 
rapid and complete mixing of the liquid stream in a plane 
perpendicular to its direction of travel even at low liquid 
velocities. In addition, the number of contacts between 
vapour and liquid as it passes down the troughs is large 
and this is particularly favourable to maintaining a sub- 
stantial concentration gradient along the direction of travel 
of the reflux both in the liquid and in the vapour phases. 
The plate is therefore peculiarly suited to the use of co- 
ordinated reflux flow,' and this is applied in practice. 

The pressure drop is proportional to V*p, where V is 


CONDITIONS 


INCREASED VAPOUR LOADING 
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the linear vapour velocity through the perforated plate 
and p is the vapour density. The actual value of the pres- 
sure drop depends, of course, on the detailed design of 
the plate, the submergence of the perforated plate below 
the outlet weir and on the liquid density. The limiting 
velocity for any plate is given by the equation V*p =a 
constant, where the value of the constant depends on 
the dimensions of the plate, particularly on the size and 
spacing of the perforations and the width between the 
hoods. 


Performance Data 

The principal qualities of an efficient distillation plate 
are high capacity for both vapour and liquid, high plate 
efficiency, stability, flexibility both as to load and to type 
of materials which can be handled, low pressure drop, ease 
of fabrication and erection, resistance to fouling by dirty 
liquids, and low cost. 

Vapour Velocity. Because of the large area of contact 
afforded by the perforated plate, which may amount to 
up to 60% of the overall column area, the maximum 
vapour loading is high, substantially higher than for most 
bubble-cap plates at the low plate-spacing which is normal 
for West plates. With the standard design, overall vapour 
velocities of 4.2 ft a second for methyl alcohol or 2.9 ft 
a second for benzene at atmospheric pressure are obtained 
at a normal plate spacing of 8 in. Decrease in the spacing 
of perforations would allow an increase of overall vapour 
velocities up to about 30% above these figures to be 
attained, but this is not recommended as it would involve 
some sacrifice of stability and flexibility. No substantial 
improvement in limiting vapour velocity is achieved by 
increasing the plate spacing above this figure, as entrain- 
ment is in any case low until the blowing-off point is 
reached. 

Plate Efficiency. The efficiency of a West tray, inherently 
high, is increased by the use of coordinated reflux flow, 
which experiment shows to be worth about 15% in the 
number of plates as compared with uncoordinated flow. 

Stability. The West tray, like the bubble-cap plate, is 
stable as it is sealed by inlet and outlet weirs and the 
vapour uptakes so that liquid cannot drain during 
operation. 

Flexibility. It is here that the major advantage of the 
plate lies. Because of the virtual independence of plate 
efficiency from vapour or liquid loading, it can operate 
satisfactorily over a wide range of conditions both as to 
vapour and liquid load and as to properties of vapour 
or liquid. It is therefore particularly suitable for duties 
where considerable variations in conditions, flows or feed- 
stocks occur so that the loads on the columns vary sub- 
stantially in operation. 

Pressure Drop. Pressure drop depends markedly on the 
design of the plate. However, that of the West tray, even 
in its standard form, is not excessive, because, since the 
whole of the vapour must pass upward through the reflux 
liquid, quite low submergence heads can be used without 
loss of efficiency of contact. With the standard form of 
tray the pressure drop at the limiting velocity is about 
4mm, Hg for organic liquids normally used. However, it 
has been shown from detailed investigation of Perspex 
models that by streamlining of the vapour passages, and 
with some alteration of overall dimensions, the pressure 
drop can be substantially reduced without loss of efficiency 
and with only marginal loss of vapour capacity. This 
special low-pressure type of plate has a pressure drop of 
only about 2mm. Hg at the limiting velocity. 

Ease of Fabrication and Erection. The tray lends itself 
to standardisation as to shape and dimensions of hoods, 
troughs and perforated plates. It is easy to erect and is 
often arranged in nests which are fitted snugly into the 
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column shell. It is not over-sensitive to levelling in erection, 
though this has to be reasonably accurate. 

In one respect the plate is easier to erect than a bubble 
cap. Because the liquid travels down between the hoods 
over the perforated plate virtually unimpeded, there is 
practically no liquid head gradient, even on large columns, 
from the inlet to the outlet weirs. In a bubble-cap column, 
however, the resistance of a number of rows of bubble 
caps to liquid flow is substantial, and it is often necessary 
to vary the submergence of successive rows of caps to 
maintain constant operating conditions because of the 
considerable variation of the head of liquid across the 
plate. This can, in turn, occasion by-passing of liquid 
below the skirts of the caps so that devices such as the 
Canzler step? have to be introduced to maintain full effi- 
ciency. In the West plate these are unnecessary, as the 
vapour bubbles up directly through the liquid all over 
the tray. 

Resistance to Fouling. In this respect the standard tray 
is inferior to the bubble hood and particularly to the 
perforated plate tray. A special form of West tray, how- 
ever, has been devised which is readily assembled and dis- 
assembled for cleaning and for ease of erection.* 

Cost. Area for area, the cost of the trays is slightly 
greater than that of bubble caps. Major savings, however, 
are often achieved due to the much lower plate spacing 
required for West columns and the smaller number of 
plates required for a given separation at a given reflux 
ratio. This leads to reduced costs of shell, but more par- 
ticularly of buildings and steelwork. 


Tray Applications 

There are now several hundred columns involving tens 
of thousands of the plates in operation. They are used 
for a wide variety of duties, such as benzole fractiona- 
tion, particularly to high-grade products, whether con- 
tinuous or batch; tar acid fractionation, particularly to 
pure products; and many other tar products including the 
continuous fractionation of naphthalene. 

West trays are used in alcohol plants, for azeotropic 
dehydration as well as for rectified spirit, and they have 
found application in many other solvent industries. They 
have so far been little used in the petroleum industry, 
because there is no particular advantage there in a low 
plate spacing or in considerable flexibility. The petroleum 
industry requires a wide plate-spacing to permit entrance 
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for cleaning between the plates. Moreover, columns in this 
industry are continually operated on constant feed at about 
their maximum loading. The advantages of the West tray 
have been found notably where very pure products are 
required, combined with a high degree of flexibility. 

An interesting application of the tray is in gas scrub- 
bing. There are several installations of this type for which 
the special low-pressure type of tray is used. These include 
both water scrubbing for solvents such as alcohol and 
acetone, and, more striking, their use in coke-oven plants 
for the recovery of ammonia by water and of benzole by 
oil washing. Here the saving of space is astonishing, for 
one small West column containing only a few plates will 
replace a series of two or three grid-packed columns many 
times its height. 

The plates have been made in a variety of materials 
including mild steel, stainless steel, aluminium, copper, 
cast iron and bronze. In a dismountable column in cast iron 
recently designed, the coordinated reflux flow is achieved 
by carrying the liquid across the tray in an open channel 
fitted on top of one of the hoods and fed direct by a ver- 
tical downcomer from the plate above.‘ Plates have been 
produced in a wide range of sizes varying from about 10 ft 
to 6in. in diameter. 

Among the special types of tray that have been 
developed is a plate for very low liquid-flows, such as 
are found in high vacuum work, the fractionation of 
hydrogen peroxide, and the like. Its weirs provide what 
is virtually a metered supply of liquid to each trough 
independently. Another development is a special low hold- 
up plate (Fig. 6). This has the liquid-handling parts of the 
tray reduced to the absolute minimum and the size of 
trough also substantially reduced. It has a hold-up in 
operation of rather less than 0.4 gal. a sq.ft of overall 
plate area, and has been applied in batch fractionation. 

Development work on the plate is still being pressed 
forward, and it is hoped that it will shed further light on 
the operation of distillation columns in general. 

The author's thanks are due to The A.P.V. Co. Ltd. for permission 
to publish this paper, and to his colleague, Mr. W. H. A. Webb, who 
has been responsible for much of the development of the West plate, for 
his help in preparing it. The paper is based on a lecture given by the author 
at the 1958 Achema held at Frankfurt in June 
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COST ESTIMATING AND CONTROL 


A summary of cost data and cost estimating procedures 


presented during the recent project organisation symposium’ 


NE of the difficulties with a new product is that so 

much time may be spent in weighing up its profit- 
ability that a competitor gets in first. This situation can 
be prevented by the co-operation of the parties who work 
out the overall economic picture of the process and those 
who prepare the plant’s costs. This will ensure that the 
engineer responsible uses the right method for preparing 
the capital-cost estimate in view of the time available for 
the estimate and the accuracy required. 

Such estimates may be classified according to whether 
they can be prepared in a few minutes, a few hours or in 
days or weeks. Estimates which can be prepared in a few 
minutes usually are based on similar plants, although 
allowances must be made for increases in cost of labour 
and materials and for any other differences. If the similar 
plant has a different scale of output, the cost can be arrived 
at by applying the simple formula 


C cc (R)" 


where n can be guessed with reasonable accuracy from the 
process employed. The extremes are represented by an 
electrothermal furnace process for calcium carbide 
(n=0.5),, whereas for an electrolytic-cell process consist- 
ing of a multiplicity of small units n may lie between 0.8- 
0.9. For most continuous processes n lies between these 
limits, which are usually 0.55 and 0.65 

To use this method it is not essential to have an estimate 
of a plant making the same product so long as the stages 
in the processes are very similar; an estimate for plant for 
another product will be a satisfactory basis, provided 
materials of construction do not differ widely in the two 
cases. If the two processes are for manufacturing gases, the 
size ratio may be assumed to be the same as the respective 
volume of gases handled in the two processes. 

Another method requires a list of the main items of 
plant and data on equipment costs. The purchase cost of 
the equipment can then be obtained and an allowance 
which may be 20% or more of the total should be made 
for “unallocated items”. 

The total cost of the project, excluding services, may lie 
between 2.9 and 5.5 times the cost of the equipment; this 
includes design charges, constructional work but not pro- 
cess “know-how”, when this has to be bought. A number 
of things influence the magnitude of this factor. For plants 
made of expensive materials of construction for continuous 
processes involving fluids it will lie between 2 and 3. 
Where expensive high-precision equipment is required the 
factors will also be low. Factors of 4 to 5 apply to straight- 





* Based upon papers given by Mr. P. Brett, B.A., and Mr. R. Adams, 
M.1.Chem.E., given to the recent Joint Symposium on the engineering of 
Chemical Engineering Projects organised by the Institution of Chemical 
Engineers 
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TABLE 2.—Sectional Costs of Five Plants, Built 1947-1957, 
Expressed Proportionately to Equipment Costs 





Plant A B Cc D E 





Total cost, including 
design but exclud- 
ing packages and 
rolling stock (£°000) | 97 196 293 463 662 

Site preparation, 

roads, railways and 
drains ; 

Buildings, plant 
structures and foun- 
dations a 

Services distribution 
within the plant 
boundary on 

Pipework and valves, 
plus erection of 
pipes, valves and 
plant ss ea 

Electrical work (lo 
tension) a 

Instruments, includ- 
ing installation 

Painting and lagging 

Catalysts, refriger- 
ants, adsorbents 
and spares ” — 

Total, including de- 
sign, divided by the 
equipment cost of 
the main plant items 4.6 4.7 2.8 3.6 4.6 

Design charges and 
construction super- 
vision as a _per- 
centage of the total, 
less design charges 
and construction 
supervision = 13.1 


0.15 0.17 0.27 0.17 0.23 


1.68 0.38 0.45 0.80 


0.18 0.06 0.28 0.08 0.28 


0.84 0.85 0.41 0.40 0.56 


0.01 0.26 0.01 0.10 0.25 


0.25 
0.18 


0.13 
0.05 


0.25 
0.08 | 


0.37 
0.02 


0.40 
0.20 


0.02; — 0.12 0.03 


10.7 


























forward designs operating at low or medium pressures; if 
fluids are handled the figure for pipework will lie nearer 
the upper limit. For plants where solids mainly are handled 
the figure will lie nearer the lower end. 


Estimates Prepared within a Few Hours 

(1) Equipment costs X factor. The method follows 
closely that described above but the equipment costs are 
worked out in greater detail; more time can be spent on 
choosing the right factor and the contingencies allowance 
can be reduced. 
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(2) Equipment costs plus other sectional costs obtained 
by individual factors. The equipment cost is multiplied by 
a suitable factor appropriate to each particular sectional 
cost. The following notes, although not a substitute for 
actual records of achieved costs, offer guidance in this 
direction. 

Estimating site preparation and civil engineering work 
by means of a factor is difficult; thus, for an existing fac- 
tory site the factor can vary from nothing to half the cost 
of the plant equipment. The factor used should be 
checked against the work actually required. 

For plants in buildings made from the cheaper con- 
structional materials the factor may be as high as 1.7. For 
a simple plant in the open the factor may be lower than 
0.5, and where it is partially enclosed the factor lies 
between 0.6 and 0.9. 

Services distribution appears to have a factor varying 
from 0.05 to 0.3 with 0.1 a common figure, the higher 
figure applying to long runs of piping. For process pipe- 
work itself the figure is usually 0.8. Where pipe runs are 
short it may be as low as 0.4, and on plants handling 
fluids it can reach | if the pipework is complicated. A fac- 
tor of 0.2-0.3 will apply to electrical work if there are 
only a moderate number of pumps and compressors. In- 
struments require a factor of 0.25 for plants of the £4 
million scale; a much higher figure will apply to smaller 
plants. The painting and lagging factor, again normally 
0.06-0.20, may be much higher for small plants. Spares, 
refrigerants and catalysts, not covered by a factor, may 
also have to be taken into account. 


Design Charges 

The design cost will depend on the use made of con- 
tractors, but however the design is carried out it will be 
related to the salaries of draughtsmen and engineers, and 
an overhead charge has to include salaries of senior 
executives, tracers, chasers and so on. The figure will vary 
from 5-12% of the total cost of the job for large jobs, 
to 10-20%, for small ones—the exact figure depending upon 
the drawing-office work required. When existing drawings 
can be used the tendency will be for the lower figure to 
apply. 


The Value of Project Records (657.6 : 66.01) 
by R. Adams 


IN this paper, which was devoted primarily to the use of 
project records to the post-flow sheet phases of a pro- 
ject, the author gave some interesting facts about costs. 
Although the data given referred mainly to refineries, the 
method of obtaining them, as well as the data themselves, 
may be generally useful. 

At the outset the author stresses the importance of keep- 
ing project records, analysing them, and placing them in a 
form suitable for rapid use by the estimating, project 
engineering and construction departments of a contract- 
ing firm. These analyses allow targets to be fixed for 
quantities, costs or periods of time. The relative impor- 
tance of costs contributing to a project such as a complete 
refinery may follow the following pattern: 

Engineering and design, 10%; 

Construction labour with lodging and transport, about 
20%; 

Cost of major plant and transport, up to 5%; 
Buildings and foundations, 15%. 

The balance, 50%, is the cost of process and 
equipment. 

The cost analysis of a £28-million refinery, given in 
Table 1, is an example of the information these records can 
provide. A section of a paper then follows describing the 
methods of accounting used in a large organisation. 


utility 
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TABLE 1.—Refinery to Process 50,000 B.P.S.D. 
Materials cost = £10 million 
Overall cost = £28 million 








Process-plant Breakdown 4 

Towers and vessels ne oa -” Me ny én 18 
Heat exchangers ne re ee ate ‘ x 15 
Structural steel .. is oa a ce A + 6 
Valves .. “a = we sa - “ mis 10 
Steel pipe and fittings .. ms - ‘i tics a 19 
Pumps .. at “s me wd oa 5 
Motors and turbines ss ae a " 4 
Firebricks and insulation a a a oi 4 
Instruments and controls 5 
Switchgear 4 
Miscellaneous 10 
100 





TABLE 4.—Typical Breakdown of Design Office, etc. 





Design Manhours + Variation 


(% of Total) (% 
Foundations ; by ai 6 2 
Structures * ‘as aa od 15 3 
Mechanical equipment “— = 4 | 
Vessels .. ay ini ax a 10 2 
Piping .. - - si = 50 10 
Electrical. . a a a ee 7 2 
Instruments ae <a Ks Ra 8 2 





TABLE 5.—Delivery Times for Major Equipment, 1957 

















Time 
Items (months) 
Vessels . 
Forged or heavy walls, 3 in. thick or more 15-20 
Large heavy plate vessels, more than | in. thick. . 16-18 
Drums or light walled vessels 10-14 
Small vessels .. 6-10 
Machines 
Large-capacity pumps, turbines, compressors, or 
machines over 10 tons in weight 16-18 
Medium-capacity pumps 10-12 
C.I. and cast steel small pumps 8-10 
Electrical ei es 
Motors, large 7-9 
Motors, small 2- 3 
Cables, conduit 2- 3 
Starters 3-4 
Switchgear 6 
TABLE 6.—Cost Breakdown for Refineries 
Process 
plants Utilities Off-sites Buildings Total 
© © %& &w cw 
Simple 
refinery 28 25 29 18 100 
Complex 
refinery 42 17 31 10 100 





Accurate analysis of past project-records enabie reliable 
forecasts of completion dates to be made. Sometimes for a 
given project the project manager, who is in charge of the 
whole organisation, will initiate the preparation of two 
schedules. One of these will be for the delivery of equip- 
ment to the site, and another for the construction of the 
plant. These schedules have to be regarded as targets to 
be attained, and to prepare them one must know the 
number of man-hours required both for design and con- 
struction. In the case of design the figure may be expressed 
as a percentage of estimated costs, and for construction the 
basis may be man-hours per ton of permanent materials. 
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Installation man-hours per ton of pipework can range 
from about 45 man-hours per ton for 24-in. pipe to 916 
man-hours per ton for 2-in. pipe; adjustments to these 
figures may be necessary according to the complexity and 
kind of pipework. 

The cost of design and engineering for a complex pro- 
ject may be 10% of its total cost; on the other hand, for 
a simple project such as a cooling tower installation, it 
may be as low as 3%. The kind of information which 
project records can provide for determining the time for 
the design and engineering of a project is shown in Table 
4, which is an analysis of the various skills required for a 
typical plant. 

For estimating times for erection the delivery periods 
for various kinds of equipment are needed too and can 
be obtained from previous records of achieved deliveries. 
Thus deliveries for equipment during 1957 are shown in 
Table 5. Records of this kind need to be brought up to 
date periodically. 

In the system described by Mr. Adams data sheets con- 
tain full information about purchase and operation, and 
parallel records are kept, upon which are entered labour 
and installation costs. The estimator can quickly make an 
approximate estimate, but when a tender is being prepared 
by a contractor summarised detailed records must be used. 
(It is, of course, safer still to use actual quotations but 
this takes longer.) The estimator is therefore in a position 
to arrive at the cost of a plant or section of it, since he 
will have at his disposal, through the project records, the 
cost data for the component parts of the plant such as 
pumps, vessels and so on. Adjustments may have to be 
made for expected changes in handling, site conditions and 
so forth. The result of record analysis can often be usefully 
represented graphically; for example, agitated tanks fol- 
lowed the two-thirds law and, as can be seen from the 
author’s data, stainless-steel vessels bear a cost ratio to 
mild steel vessels of aproximately 1.75:1 in the 100- 
gallon size. For towers, however, as Mr. Adams’ Fig. 4 
shows, a less simple law is followed. 

Such graphs help in the making of quick, approximate 
estimates, and as a result save man-hours for design and 
estimating. Graphs of this kind must be kept up to date, 
which can be done with the aid of factors published at 
regular intervals in such journals as The Economist and 
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Fig. 4. Cost estimating chart, bubble-plate tower. 
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Fig. 7. Curves showing number of tradesmen engaged. 
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such records requires judgment 
analysis. 

For the costing of similar projects preliminary estimates 
of cost can be made from the permanent materials value, 
examples of which for a refinery are given in Table 6. 
Figures of this kind must be applied with caution, since 
their accuracy is not better than 10%. 

For a large, complex job the ratio of technical con- 
struction costs to material costs tends to decrease with the 
size of the refinery. In the case of a £10-million refinery, 
for example, it may be 15%, whereas for a £20-million 
refinery it will be 6%; and although the two-thirds rule 
often applies to similar process units of different capacity 
for dissimilar plants, the factor may range from 0.4 to 0.75. 

Mr. Adams made a number of useful observations on 
other aspects of economical project execution. He stressed, 
for example, that the aim of completion on time is of 
paramount importance, and should never be subordinated 
to making small economies in materials costs; he pointed 
out also a number of measures which help completion 
dates to be met. Thus orders for equipment, which the 
project records show will have a long delivery period, 
must be placed early on and the final details forwarded 
when the relevant design work is completed. A case in 
point is tanks whose dimensions and connection sizes need 
only be specified on the original order; their orienta- 
tion need only be given shortly before fabrication starts. 
Bulk orders, provided the manufacturer is not overloaded 
by them, often result in better deliveries and lower prices. 
The project records also make it possible to pin-point the 
firms likely to fall down on their promises. 

Just as it is necessary to plan the design work, so it is 
equally necessary to organise the work of staff and crafts- 
men at the erection stage. Equipment such as cranes and 
gin poles, which may have to be hired at about £280 per 
week, should only come to the site when the time is ripe 
for using them, and this will require a period of careful 
study and preparation spread over several months to effect. 

When there is experience of a project similar to the one 
in hand, the labour force required at its different stages 
can be predicted. Tools, welding machines and so on 
which are required by the different tradesmen also can be 
assembled at the site at the times they are to be used. 
To facilitate this kind of timing, graphs like Fig. 7, pre- 
pared from previous records, can be used. Such planning 
is worth while because the cost of tools can be as much 
as 5%, of the entire project. Such curves may, of course, 
need adjustment according to expected deliveries of equip- 
ment. It can also help to avoid wasteful peaks or valleys 
of the labour force at the site. 

Other points which Mr Adams treated at length in his 
paper fell under the heads of time, personnel, and stores 
and construction planning. Under this latter head the 
author gives a method of comparing graphically the actual 
with the planned progress. 
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ORGANISING CHEMICAL ENGINEERING PROJECTS 


Discussion on the papers by Mr. Curwen and Mr. Bywater* (see September issue, pp. 496-7) is given below 


N opening the discussion, Mr. Fossett (Associated 

Ethyl Co. Ltd.) expressed doubts about the possibility of 
finding the money for projects costing £millions out of 
taxed earnings. For such large projects the money would 
have to be raised from the money markets or from 
shareholders. 

Every £ million of borrowed finance would have annual 
charges in the region of £150,000, of which about £70,000 
would be interest and the remainder depreciation. 

The spending of borrowed money was a heavy respon- 
sibility upon the shoulders of those responsible for a pro- 
ject and the proper attitude should be that not a £5-note 
should be wasted during the working day. Over-designing 
was a factor which could contribute to excessive expendi- 
ture. 

The importance of keeping expenditure on plant to a 
minimum was illustrated by the example of a chlorine 
plant which a company had been obliged to erect because 
outside supplies were inadequate. The cost of the inter- 
nally-produced chlorine was 40%, above the market price; 
depreciation and interest together on the installed plant 
amounted to 80% of the market price. 

Models had proved their value in a number of ways. 
Extensions to a plant with a complex conveyor system, 
for example, had been very smoothly laid out as the 
result of planning based upon a model. 

One objection raised against both Mr. CurwEN’s and 
Mr. BywatTer’s conception of the project and contracts 
engineer and their duties was the heavy responsibilities 
they involved; some of those of Mr. CURWEN’S engineer 
required him to spend most of his time in office work, 
while the rest demanded full-time field work. This burden 
might be lightened by setting up departments for requisi- 
tioning equipment, for training operators and for drawing- 
up schedules and ordering spare parts. 

In the case of Mr. BywaTer’s contract engineer, he ap- 
peared to be responsible for the complete project in all its 
aspects, and other engineers were brought in at various 
stages. However, the relation of the contract engineer to 
the other engineers was not stated, and it was difficult to 
see at what stage the contract engineer exercised control. 

One critic suggested that what was really wanted was a 
man who would see that a given project met the com- 
pletion date, that the costs did not exceed the estimated 
figure, and that the finished plant did the job for which 
it was designed. All other tasks not directly concerned with 
these should be delegated to other people or departments. 
The organisations outlined in the papers were based on 
people, but it was just as necessary to have a system for 
the paper work. A system which would tolerate by-passing 
without detriment to the work it was set-up to engineer 
was a useless One. 

Mr. G. M. SoLsetr (Humphries & Glasgow) pointed out 
that between the two extremes represented by these papers 
was a whole range of projects consisting largely of plants 
supplied by contractors where the general process scheme 
had been worked out before the orders to proceed were 





* Presented to the Joint Symposium on the Organisation of Chemical 
Engineering Projects, organised by the Institution of Chemical Engineers 
and the Institute of Petroleum, June 24 to 26, 1958, at Olympia. 
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given. This left the contractors with a lot of detail to clear 
up and with a great deal of chemical-engineering work. 
This type of contracting had not been dealt with in the 
papers. 

In Mr. Curwen’s paper the project was divided into 
two; the process and project phases. The process side was 
largely the chemical-engineering work resulting in the com- 
pleted book of the process. From the book the mechanical 
and other specialist engineers were able to produce the 
plant. While, as Mr. CURWEN had suggested, it was cheaper 
to proceed in this way, it need not be the quickest way. 
Nevertheless, some contractors’ clients might not be pre- 
pared to wait until the process book was complete. 

Mr. CURWEN’S paper gave the impression that the pro- 
cess-engineering side of the job seemed to finish with the 
completion of the so-called design-process book, whereas, 
generally, there had to be a great deal of rechecking of 
design from the time when the book was completed until 
the equipment was ordered. 

The practice of making the project engineer exclusively 
responsible for the start-up was also open to criticism, 
because this overlooked the operating experience possessed 
by the process side, who were probably in a better posi- 
tion to commission the plant. 

Mr. CuRWEN, replying to the discussion, dealt fully with 
the problem of over-design, which seemed to him inescap- 
able unless the contracting firm was amply provided with 
precise data. It was impossible always to forecast closely 
the output from various stages of the plant, and one had 
to be sure that the finished plant would do what the client 
wanted. 

Mr. CURWEN disagreed with the view that the system of 
organisation he had described required a super chemical 
engineer and that it was necessary for him to know about 
the various techniques under his surveillance to control 
them. Moreover, the projects he had in mind when writing 
the paper were comparatively small ones. If a larger pro- 
ject of the £multi-million order arose, then a contractor 
would be brought in and, in this case, the project engineer 
would have to be a different person. 

He agreed with Mr. SOLBETT that the preparation of the 
data book was not the quickest way to put a particular 
project through, but it was the best way to get the most 
out of an engineering department. 

In answer to other points raised, MR. CURWEN explained 
that follow-through exists in the scheme he put forward 
and it was the responsibility only that was transferred to 
the project engineer; in the commissioning of the plant the 
process engineer formed part of the team assembled for 
this purpose so that his operating experience was fully 
used. Nevertheless, the project engineer had the respon- 
sibility of the commissioning stage. 

Mr. Bywater stated that his firm normally employed 
a mechanical rather than a chemical engineer for the 
contracting side and they preferred a man with a good 
knowledge of chemical engineering. He also explained 
that the planning engineer started at the desired comple- 
tion date and worked backwards, and in this way they 
formulated the purchasing and the design programmes 
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PROCESS ENGINEERS NOTEBOOK — 




















Sampler 
for Pressure Vessels 


THE SIMPLE EQUIPMENT shown here 
for extracting a sample from a 
reaction vessel under pressure consists 
of a tube dipping below the surface 
of liquid in the vessel, and connecting 
to a removable container. Valves are 
provided for isolating the container 
from the atmosphere or the vessel 
itself. 

During operation all three valves 
can be kept shut. When a sample is 
required the container is screwed into 
position once the operator has made 
certain the joint faces are clean. The 


f ASBESTOS RING 


SAMPLE 
CONTAINER 























U SWIVEL 


SAMPLE PIPE DIPPING 
BELOW LIQUID LEVEL 


| Sattatend | 


lowermost valve and the valve in the 
side branch connected to the container 
are next opened, and, as a result, the 
pressure inside the vessel causes the 
small container partly to fill. To with- 
draw the sample the valve next to 
the vessel is closed and pressure is 
released from the sampler by open- 
ing to atmosphere both the uppermost 
valve and the side branch valve. The 
sampler can be removed after slacken- 
ing the harness bolt. It is a good plan 
to fix a protective screen between the 
operating space and the sampling 
assembly, especially if pressure and 
temperatures are high and the contents 
of the vessel dangerous. 
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Flexible Tube 
Replaces Swivel 


FoR BATCH REACTIONS involving 
immiscible liquid as well as solid 
reactants, if the desired product is in 
the lighter phase a method of with- 
drawal from the reaction vessel is 
necessary. A method sometimes em- 
ployed when it is undesirable to use 
the bottom run-off is to fit a swivel 
inside the vessel which is lowered by 
means of a rod or chain passing 
through the vessel to a point just 
above the interphase. The lighter 
liquid is then withdrawn from the 
vessel by suction, but if the liquids 
are likely to corrode or in other ways 
make the use of a swivel difficult a 
piece of flexible metallic hose is a 
good substitute. In one example where 
the swivel had a tendency to seize the 
substitution proved entirely successful; 
tubing material was an 18/8 grade of 
stainless steel and was flanged at each 
end. In operation, if the open end of 
the tubing is lowered too far, then 
mixed phases enter the sight glass, 
which is sized to give enough retention 
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time to allow the flow to be inter- 
rupted. For this purpose a valve is 
fitted above the sight glass and the 
position of the open end adjusted until 
only clear liquid flows through the 
glass. The saving in maintenance and 
first cost also proved to be appreciable. 


Conserving Expensive Granular 
Materials 


IN FIXED-BED ion-exchange processes 
it is important to conserve the expen- 
sive exchange resins. When a bed of 
material has been regenerated and is 
being rinsed, the waste solution will 
carry away some of the resin, and in 
the interests of economy this carry- 
over must be kept to a minimum. The 
equipment shown here illustrates one 
method of tackling the problem. A 
portion of the waste liquor is diverted 
to a small settling chamber with a 
tubular glass connection at its base. 
In this tube a portion of the entrained 
solids accumulates and once the build- 
up reaches a certain point the beam 
of light from the source to the photo- 
cell is interrupted. This causes a signal 
to be given for the backwashing to 
be stopped. A degree of automatic 
control for the backwashing is 
evidently possible. 
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Quick Method of 
Blanking Condenser Tubes 
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THERE ARE TIMES when one or more 
tubes of a condenser may fail and 
the condenser is required to continue 
in service, either because production 
requirements will not allow the time 
for retubing and/or the necessary 
tubes are not in stock. The normal 
temporary cure is to make tapered 
wooden plugs and hammer these in 
each end of the faulty tube, followed 
by an air pressure test to check that 
all leaks are cured. The objection to 
this method is twofold: in the first 
place the plugs swell when soaked in 
cooling water and tend to loosen and 
fall out if the condenser is allowed to 
dry out for a few days. Secondly, 


Flow Control 
of Awkward Fluids 


THE FLOW OF liquid from a centri- 
fugal pump is usually controlled by 
means of a valve placed on the 
delivery side of the pump, but some- 
times conditions are unfavourable to 
this method. For example, the valve 
may have to handle molten metals or 
salts. One way of overcoming this 
difficulty is shown in the pump design 
recently introduced by Rhodes, 
Brydon & Youatt, where the flow is 
controlled by varying the clearance 
between impeller and casing. In this 
design, shown in the accompanying 
diagram, the clearance is altered by 
raising or lowering the impeller rela- 
tive to the pump casing. Increasing 
the clearance causes the amount of 
liquid recirculated within the pump to 
increase; the delivery from the pump 
discharge is therefore reduced. The 
impeller position is changed by means 
of a threaded collar attached to the 
extension on the underside of the as- 
sembly carrying the motor; rotating 
the collar by means of the pegs causes 
the entire drive to be raised or lowered. 
The upper ring shown in the diagram is 
a precision component which acts as a 


October, 1958 


vertical condensers frequently stand 
on the bottom cover, making it an 
extensive job to remove the cover; 
consequently, temporary repairs have 
to be carried out through a small 
inspection cover. Thus, to hold the 
wooden plug in position and hammer 
it in is sometimes impossible. The 
author has frequently used the idea 
shown in the accompanying sketch. 
This is a rubber plug which is a loose 
fit in the condenser tube and has a 
brass bolt through its centre with brass 
washers at each end. The plug is 
pushed into the end of the tube and 
tightened, thus expanding the rubber 
plug. Provided the nut is reasonably 
loose on the bolt, no trouble should 
be experienced with bolt-turning. This 
type of plug can be fitted with one 
hand only and will never loosen. 
Originally the rubber plugs used by 
the author came from the works 
laboratory, but now, states the author, 
plugs have been purchased in all con- 
denser tube sizes with the hole 
already moulded in. This idea is an 
adaptation of the well-known “drain 
stopper” used, up to quite large sizes, 
in sewage repair work. 
R.H.B.M. 


stop. It allows the impeller to be 
lowered to a position corresponding to 
the maximum delivery and it also 
prevents the impeller from fouling the 
casing; in the diagram the impeller is 
shown in this position. If the flow is 
to be increased then screwing down- 
wards decreases the clearance to pro- 
duce the desired effect. 
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Distributing Solids 
on a Conveyor Belt 


FOR SPREADING GRANULAR materials 
evenly on a belt conveyor the sketched 
device is very effective, and was noted 
during a visit to the S.A.I. factory at 
Leith. The off-loaded materials are fed 
through a chute attached to the box- 
like enclosure shown in the diagram; 
the discharge opening has attached to 
it a thick sheet of neoprene with a 
number of slits cut in it, terminated by 


FEED 









SLOTTED NEOPRENE 
SPREADER FITTED 
TO OUTLET OF 

FEED BOX 











BELT CONVEYOR 


small circular holes. The strips thus 
formed are sufficiently rigid not to 
deflect when local build-ups under the 
box occur. The material is held back 
momentarily and distributed over the 
conveyor belt before emerging from 
the box. The clearance between the 
edge of the slits and the conveyor belt 
is designed to give an even distribu- 
tion of material across the belt. 





Contributions 
invited 


THE EDITOR invites readers 
to submit, for possible publica- 
tion in “Process Engineer's Note- 
book”, notes on practical devices 
that have been elaborated on the 
job for improving the operation 
or increasing the safety of pro- 
cesses, or that have been extem- 
porised in special circumstances. 
The contributions preferably 
should be of about 250-500 
words, and be illustrated with a 
line diagram or sketch, or a 
photograph. A minimum of three 
guineas will be paid for each 
contribution used. They will be 
published anonymously or under 
the contributor’s name, accord- 
ing to his wishes. 
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WIDTH, in, 


BELT 


BELT CONVEYOR CAPACITY NOMOGRAM* 


by F. W. H. MANN, B.Sc. (Eng.) 


Speed-capacity nomograph for troughed belts on 20-deg. idlers, with belt widths from 18 in. 


to 60 in. 


Belt-width scales cover three types of loading: A, angle of repose of material 


between 30 deg. and 40 deg.; B, angle of repose less than 30 deg.; C, angle of repose 
greater than 40 deg. Position of curser indicated by broken lines; dotted for level conveyor 
(elevation 0 deg.), chain-dotted for inclined conveyor. 














*Reproduced by courtesy of Mechanical Handling 
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NOMOGRAM NO. 
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6 tons 


of bulk chemicals 


in one lift 







You'll never believe 
this until you've 
seen 1t — 









‘ 


This is the world-famous Michigan tractor shovel - now manu- ie Four wheel drive 


¥% Secu. yds. bucket capacity. 
* 147 b.h.p. diesel power. 


¥& 15,000 Ibs. lifting capacity. 


factured in the United Kingdom and available for sterling. 
Let us demonstrate the MICHIGAN SYSTEM on your site to a Torque convertor 
prove how power, plus speed and extra capacity can solve your 


materials handling problems and cut your costs. ok ? es 
Power shift transmission. 


Model 175A 23-5 cu. yds., 15,000 Ibs. capacity. 
Model 75A. 14-2} cu. yds., 8,000 Ibs. capacity. > 4 Power steering. 


MICHIGAN (GREAT BRITAIN) LIMITED 
Home & Export Sales Division : 3-5 Charles II Street - London, S.W.1 + Telephone: Trafalgar 1092 
Works & Service : Yorktown - P.O. Box No. 3 - Camberley - Surrey - Telephone: Camberley 2330/5 
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Chemicals in Portuguese Plan 

The second Six-year Development 
Plan, January 1, 1959, to December 31, 
1964, just published in draft by the 
Portuguese Government, provides for 
the expenditure of 21,000 million escu- 
dos (about £263 million) in Metropoli- 
tan Portugal (twice the amount for the 
first plan) and it includes schemes for 


the enlargement of steel production 
capacity, chemical fertiliser production 
and eucalyptus pulp exports. The 


Sociedade Portuguese de Petroquimica 
and Nitratos de Portugal (Sapec) have 
been set up to produce from refinery 
products 120 tons a day of ammonia 
and 250,000 c. m. of town gas. To the 
ammonium sulphate industry, the or- 
ganisation will supply 80,000 tons a year 
of nitrogenous fertilisers from ammonia 
and 12,000 tons a year of ammonia. 
Sapec has also been authorised to pro- 
duce 70 tons a day of fertiliser contain- 
ing nitrogen and phosphorus. These pro- 
grammes should cost 220 million escu- 
dos. Steelworks’ coke ovens will permit 
the production 6f 60,000 tons a year of 
ammonia which, together with the en- 
largement of the installations already 
proposed to produce nitrogenous fertili- 
sers, will result in the manufacture, from 
1961, of from 75,000 to 100,000 tons 
more of ammonia for the manufacture 
of nitrogenous fertilisers. The pro- 
gramme will cost 670 million escudos, 
and the products will be used domes- 
tically and for export. 

It is also hoped to increase the pro- 
duction of wood pulp for paper from 
25,000 to 115,000 tons a year, with an 
increase in the consumption of eucalyp- 
tus wood of 300,000 tons a year. Invest- 
ment in this industry will a:nount to 
370 million escudos. Sacor petroleum 
refinery will be enlarged to increase its 
capacity from 1200 tons annually to 
1500 tons, at a cost of 180 million 
escudos. Steelworks under construction 
for producing 200,000 tons of steel an- 
nually should be completed by 1960. 
The second phase will begin in 1961 and 
will include a Krupp-Renn installation 
in the north with an annual capacity of 
150,000 tons of pellets, together with the 
enlargement of the rolling mills, coke 
ovens and the installations necessary for 
the manufacture of by-products. 


Chemicals in 0.E.E.C. Countries 

The OE.E.C. Petroleum Chemicals 
Working Party, under the chairmanship 
of Professor G. Roberti, Italy, has just 
reported that, since 1945, total capital 
invested in the petroleum chemical in- 
dustry in Western Europe had risen to 
$550 million by the end of 1957. This 
was an increase of nearly $140 million, 
or of one-third, since the end of 1956. 
Investment is expected to rise even more 
rapidly to nearly $1,200 million by the 
end of 1960. The carbon content of pet- 
roleum chemicals produced in member 
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countries rose from some 470,000 tons 
in 1956 to 630,000 tons in 1957, and the 
1958 total production is expected to rise 
to 830,000 tons. As a result of invest- 
ment planned up to the end of 1960, 
total production is expected to increase 
to over 2 million tons, or over 750,000 
tons more than last year’s forecast of 
the growth due to investment up to the 
end of 1959. The products considered 
include synthetic rubbers and ethylene 
oxide derivatives. 

The Plastics Materials Working Party 
under the chairmanship of Mr. W. 
Mauss, Germany, has reported that in 
1957 total sales of plastics materials by 
O.E.E.C. countries reached the record 
figure of 1.4 million tons, 19% higher 
than in 1956 and between four and five 
times the figure for 1950. As in the past 
few years, the most rapid expansion, 
both absolute and proportionate, has 
taken place in the thermoplastics group, 
where sales rose by 24% over 1956 to 
reach nearly 680,000 tons. 

The Dyestuffs Working Party, 
under the chairmanship of Mr. Francois 
Brichet, Switzerland, who have also just 
reported, found that, in 1957, the output 
of dyestuffs in the O.E.E.C. countries 
reached the record figure of 124,000 tons, 
11% higher than the previous year. After 
several years of downward tendency, 
prices were inclined to be steadier. The 
general economic situation, especially in 
the textiles sector, suggests a fall in 
consumption jin 1958. 


British-Mexican Co-operation 

At the end of a week’s goodwill visit 
to Great Britain recently, Mr. Gilberto 
Loyo, Mexican Minister for Economy, 
said in London that he had seen the 
opportunities there were for a “really 
serious” financial and technical co-opera- 
tion between Britain and Mexico. The 
United Kingdom was second in the list 
of European countries importing from 
and exporting to Mexico, yet trade 
between the two nations was at present 
less than 3% of Mexico’s total purchases 
of goods and services and 17% of her 
trade with Europe. So far as develop- 
ments in petroleum refining, a 
nationalised industry, was concerned, the 
country would purchase their new equip- 
ment from the country which made the 
best offer, he added. 

Among the factories the Minister 
visited was that of Sunvic Controls Ltd., 
Harlow. His tour was to reciprocate the 
visit to Mexico of Sir David Eccles, Presi- 
dent of the Board of Trade, some months 
ago. 


Expansion of Russian Gas Industry 

New methods for the processing of 
natural gas are being developed in Russia 
in order to satisfy the needs of the 
country’s larger chemical plants following 
the decision to expand the industry, Mr. 
A. K. Kortunov, head of the Soviet Cen- 


tral Gas Administration, GLAVGAS, 
announced recently. The annual output of 
liquid gas in the Soviet Union was 60,000 
tons, he said, but by 1965 a target of 4 
million tons had been set, Tremendous 
possibilities for the production of gas 
condensates existed in three or four 
areas, one of which was the Ukraine. 

A rapid expansion was envisaged for 
the whole gas industry. By 1972, it was 
expected that Russia would be producing 
about 350,000 million cubic yards of gas 
annually. Trunk pipelines will carry gas 
to the most important economic regions 
of the country. 


Greek Fertiliser Plant 


The Greek Government has awarded 
the contract for the construction of a 
£35-million fertiliser plant at Ptolemais 
to the Italian company Ammonia Casale, 
and the German Ude. Some $23-24 
million will be in foreign exchange and 
the remainder in drachmae. About half 
of the foreign exchange cost will be met 
by a loan from the Development Loan 
Fund of $12 million to be repaid over 
12 years in drachmae. The site is close 
to the Bodossakis lignite mines, which 
will provide the nitrate plant exclusively 
with locally-produced fuel. The capacity 
of the nitrate plant will be 75,000 unit 
tons of nitrates annually, equal to 
350,000 tons of nitrate fertilisers—a 
quantity expected to more than cover 
current Greek requirements. 


Petroleum Refining 

A 90,000-barrel refinery to be built for 
Petrobras at Caxias in the State of Rio 
de Janeiro, Brazil, is expected to be in 
operation by the end of 1960. It will cost 
the equivalent of U.S. $27 million and 
save foreign exchange at the rate of 
about U.S. $40 million per annum. 

A provisional agreement has been signed 
by the Greek Government with the Oil 
Transport, Trading and Refining Co. (es- 
tablished in January in conjunction with 
Socony-Mobil) to operate a ten-year lease 
of the new Government-owned oil-refine'y 
at Aspropryrgos, near Athens. It enatles 
the concessionaires to proceed with the 
technical preliminaries for starting o)era- 
tions, including the dispatch to G:eece 
of technical experts from Germany and 
the U.S.A. by the Hydrocarbon o., 
which erected the refinery and will be 
responsible for its technical management. 


Maleic Anhydride Plant 

A maleic anhydride plant with a 
capacity of 1000 tons a year has been 
comissioned at the Villers-Saint-Paul in- 
stallation of Compagnie Francaise des 
Matiéres Colorantes. It uses continuous 
catalytic oxidation of benzene vapour 
with air. 


Milling Plant for Brazil’ 

An eighteen-roller 26in. x 48 in. cane 
milling plant, costing about £180,000, is 
to be supplied to Usina Itaiquara de 
Acucar e Alcool S.A. Brazil, by George 
Fletcher & Co., Derby. It will replace a 
Fletcher mill installed in 1937, and the 
order was secured jn spite of consider- 
able exchange difficulties. 
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Book Reviews 





Separation and Purification of Materials 
by Rolt Hammond 
Heywood & Co. Ltd., London, 1958, 327 pp. 50s. 
HIS book is the first volume of a 
series on technology. One cannot help 
but feel that it would have been more 
acceptable if less extravagant claims were 
made for its general appeal. On the one 
hand, it claims to offer practical detail to 
the theoretician, and on the other hand 
a theoretical basis for the essentially 
practical man. Considering the diversity 
and importance of separation processes 
in modern industry, it is not surprising 
that a single book is unsuccessful in 
achieving this aim. The author is more 
specific in stating that “the book has 
been written on a _ strictly practical 
plane.” 

The first three chapters deal with the 
separation of solids from solids, liquids 
and gases. The fourth chapter is sup- 
posed to deal with distillation, but 
becomes inexplicably mixed up with 
catalytic cracking, evaporation and the 
production of oil gas at gas works. It is 
of most use to technologists who are not 
chemical engineers. The remaining chap- 
ters deal with centrifugal separation, 
chromatography and _ techniques’ in 
nuclear engineering. 

This book is suitable for use in col- 
leges at the beginning of courses in 
applied chemistry or chemical engineer- 
ing where a descriptive introduction to 
available processing techniques is re- 
quired. It may have a use in general 
industry for non-technical personnel. 
More advanced technologists will derive 
little benefit, as they can refer to 
specialised monographs on the individual 
subjects. 

W. J. THomMas 


Uranium and Thorium 
by L. Grainger 
George Newnes Ltd., 1958, 204 pp., 25s. 

HE large number of articles published 

recently on all aspects of nuclear- 
power production bears witness to the 
increasing public interest in this new 
industry. Unfortunately the writings are 
too widely dispersed, and frequently too 
limited in scope, to satisfy readers whose 
demands for information are prompted 
by innate curiosity rather than profes- 
sional necessity. This deficiency has been 
remedied in part by the initiative of 
Mr. GRAINGER, now Deputy Director, 
Research and Development, in the In- 
dustrial Group of the U.K.A.E.A. 
His book has been written with the ex- 
press intention of providing background 
information not only to scientists and 
engineers employed directly or indirectly 
on atomic energy projects, but also to 
the disinterested layman. Viewed in this 
light, the book succeeds excellently. A 
clear description is given of every stage 
in the production and utilisation of re- 
actor fuels from prospecting for the ores 
to chemical processing of fuel elements 
after irradiation, and the properties of 
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the metals and their more important 
compounds are adequately described. 
The story is well written, coherent and 
easy to understand. The text gives due 
weight to the interests of the chemist, 
physicist and economist, as well as the 
metallurgist, and includes some illuminat- 
ing speculations on trends in techno- 
logical development. 

In other respects the book is less satis- 
factory. First, occasional errors occur, 
both factual and typographical, which 
ought to have been corrected. Secondly, 
certain subjects, among which may be 
mentioned irradiation damage, uranium 
alloys and chemical and pyrometallur- 
gical processing of highly active fuels, 
could with advantage have been 
examined in more detail. Although one 
chapter of the book is devoted to a des- 
cription of various types of fuel element, 
there is little discussion on the principles 
underlying the development of fuels best 
capable of withstanding severe conditions 
of temperature and burn-up. Thermo- 
dynamic data are conspicuously absent. 
There is, perhaps, a strong case for a 
volume of this type being written as a 
series of articles by specialists and edited 
to impose continuity of content and 
simplicity of style. This might mean a 
longer book, but its merit would be 
more than proportionately increased. 

Since the author’s main source of in- 
formation was the Geneva Conference 
of 1955, final judgment on its value may 
be better suspended until after considera- 
tion of the papers presented at the 
second conference. It is possible that the 
book may “date” rapidly as a standard 
work of reference in its present form, 
making a revised edition desirable in the 
near future. Nevertheless, it should con- 
tinue to justify its place on any book- 
shelf for a long time to come as an in- 
troductory study of two of the most 
important materials in the atomic 
energy industry. 

B.O'M. 


Ion Exchange Resins 
by R. Kunin 
John Wiley & Sons Inc., New York; Chapman & 
Hall, London, 1958, 2nd edition, 410 pp., 88s. 
Sh second edition is a considerably 
enlarged version of the first and con- 
tains more than twice the number of 
pages. The enlargement is the result 
partly of the expansion of original chap- 
ters and partly of the introduction of 
entirely new chapters, all of it embracing 
developments in the field since the pub- 
lication of the first edition. The new 
chapters deal with the applications of 
ion-exchange resins for the treatment of 
sugar and glycerine, in hydrometallurgy, 
and as catalysts, with the new ion-selec- 
tive membranes and their uses, and with 
the stability of ion-exchange resins. 
The majority of the many printing 
errors in the first edition have been cor- 
rected, although some appear in the new 
matter. Fortunately, these are mostly 
obvious, but the Meyer and Sievers and 


TEORELL equation on page 212 is so 
badly in error as to be meaningless, 
while equation V on page 213 is nearly 
so. This part of the text, dealing with 
the basic theory of ion-selective mem- 
branes, has been copied verbatim from 
a book on ion exchange recently pub- 
lished in this country and the errors 
have been copied also. This faulty intro- 
duction mars an otherwise good chapter. 

The subject-matter is essentially sound 
and there is little to which one would 
take exception. However, the statement 
on page 308 that “Many resins... per- 
mit ready access of solvents... without 
undergoing a great deal of swelling” is 
open to dispute. All the evidence is that 
a resin in a given ionic form swells in 
proportion to the volume of solvent it 
has imbibed. 

Chemical engineers will probably find 
the “applied” parts of the book the most 
interesting. These include the new chap- 
ters, already referred to, together with 
those on water treatment and the design 
of ion-exchange units and economics. Of 
these, the section on water treatment is 
undoubtedly the best. The design of ion- 
exchange units is dealt with very super- 
ficially and several essential aspects are 
completely ignored. The worked example 
to obtain the size of a demineralisation 
unit is very difficult to follow and no 
explanation is given of why, when the 
calculation shows 2.2 cu. ft. of anion 
exchanger to be sufficient, 9.1 cu. ft are 
said to be required. 

In spite of its faults, the book is a 
great improvement on the first edition 
and can be recommended to those need- 
ing a broad but not too detailed exposi- 
tion of the theory and practice of 
ion-exchange resins. It is attractively pro- 
duced and well laid out. 

R. E. KRESSMAN 


SHORTER NOTICES 


Higher Oxo Alcohols 
by L. F. Hatch 
Chapman & Hall, London, 1957, 120 pp., 3¢s. 
THE OXO REACTION is that between an 
olefin, carbon monoxide and hydrogen 
to form a saturated aldehyde having one 
carbon atom more than the original 
olefin. The name derives from the Ger- 
man word for the original form of this 
reaction which yielded a ketone. The 
book is essentially a review of the exten- 
sive patented literature on the process 
with added information about the most 
important derivatives, namely, the 
higher Oxo alcohols consisting of iso- 
octyl, decyl and tridecyl alcohol mixtures. 


Organic Electrode Processes 


by Milton J. Allen 
— & Hall, London, 1958, p. xiv + 174, 


THE AUTHOR of this book is director of 
the Physical Research Laboratories of 
an American branch of CIBA and has 
devoted his whole career to organic 
electro-chemical _ investigations. The 
electro-chemical method is much better 
known in inorganic chemistry, but is 
little used for organic preparations. This 
book is devoted largely to basic labora- 
tory studies. 
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for ALL your instrument needs 


One standard basic instrument with almost infinite variants 
to cover the entire field of industrial measurement and 
control — that is what the KENT progressive design policy of 
parts-standardization and unit construction offers you, the 
user, in the Commander series. Add the advantages of vastly 
simplified maintenance, servicing and spares-stocking prob- 
lems ... and you have the formula for an entirely new standard 
of versatility, accuracy and dependability in plant instrumen- 
tation. 

Since it is impossible to indicate the number of combinations 
and permutations of measurement, function and range possible 
with Commander instruments, please write for brochure, 
“Commander Class Instruments and Controllers”, or tele- 
phone Chemical Industry Contracts Dept. (Luton 2440, 
Ext. 84) for an estimate. 


Bon KE N 9) Commander 


THE COMPLETE INSTRUMENTATION SYSTEM 





GEORGE KENT LIMITED Luton, Bedfordshire, England Telephone: Luton 2440 
Factories, Subsidiary Companies, and Branch Offices in London * Resolven * Hitchin * Toronto * Montreal 
Vancouver * Melbourne * Sydney * Johannesburg * Salisbury * Penang * Bangkok * Brussels * Krefeld * Vienna 
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PLANT EQUIPMENT NeWs 


Ice-cream Refrigeration Equipment 





The recently-opened ice-cream factory 


of J. Lyons & Co. Ltd., Greenford, is 
thought to be the first installation of 
its kind in Great Britain to be completely 
equipped on the low side of the refrigera- 
tion plant with rotary compressors. They 
have been supplied by York Shipley and 
are of the first range of rotary com- 
pressors designed exclusively for 
refrigeration to be available in Great 
Britain. Two so far have been installed, 
and the company have also supplied five 
high-speed multi-cylinder v/w compres- 
sors on the top stage. Provision is made 
in the engine-room for a further six 
compressors to be supplied in the near 
future. The plans also call for three 
shell-and-tube condensers which are the 
largest the company has been asked to 
manufacture in this country (although 
not the largest in their range). Weighing 
10 tons, two have already been installed 
and the third will be installed next year. 
In the factory cold-stores York Shipley 
have installed the largest and heaviest 
air-cooling battery that they have 
probably ever made in one piece. It 
weighs over six tons and, in the picture, 
it is shown at the galvanising works of 
G. A. Harvey Ltd., Woolwich Road, 
London, S.E.7. York Shipley Ltd., North 
Circular Road, London, N.W.2. 

BCE 3961 for further information 


Union Bonnet Valves 

Meynell announce the introduction of 
a new range of high-pressure bronze 
stop-valves available in sizes 4-2 in. The 
three basic types of valve are: (1) Metal- 
to-metal clack and seats—suitable for 
250 psi saturated steam, also for 500 psi 
cold water, oil, gas, etc. (mon-shock). 
(2) Clack with renewable composition 
disc—suitable for 200 psi saturated steam, 
also for 400 psi cold water, oil, gas, etc. 
(non-shock). (3) A renewable P.T.F.E. 
(Fluon) disc and nickel alloy seat—suit- 
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able for particularly aggressive service 
conditions and available for screwed or 
flanged mountings. Meynell & Sons Ltd., 
Montrose Street, Wolverhampton. 

BCE 3962 for further information 


Fuel Monitor 
An automatic monitor, designed to aug- 
ment the precautions taken to prevent 
contaminated fuel being fed into aircraft, 
has reached an advanced stage of 
development and field trials are now in 





progress. Known as the Fuel Monitor, 
the device comprises a valve and sensitive 
element inserted in the main fuel stream 
to the aircraft. The monitor is the sub- 
ject of patents and patent applications 
held by Shell Research Ltd., Thornton 
Research Centre, Thornton-le-Moors, 
Chester, and Streamline Filters Ltd., and 
it will be manufactured by Streamline 
Filters Ltd., Ingate Place, London, S.W.8. 

BCE 3963 for further information 


Nylon Blast-furnace-dust Filter 
A 12-0z. nylon continuous-filament 
twill is being used for the disc filters (see 
illustration) handling sludge from the 
blast-furnace dust settling ponds at the 
Ebbw Vale works of Richard Thomas 
& Baldwins. With only four discs on a 
single filter, it is found possible with this 
medium to remove upwards of two tons 
of cake an hour having a moisture con- 
tent of about 30%, and although the 
dust is highly abrasive—consisting of 
more than 50%—the nylon cloths have 
a life of between three and four months. 
The filtering plant is said to be the only 
one of its kind in Great Britain in full 
working order. British Nylon Spinners 
Ltd., 25 Upper Brook Street, London, 
w.i. 
BCE 3964 for further information 





Tube-cleaning Equipment 

The Vacu-Blast machine which em- 
ploys a pressure-vacuum system for 
abrasive feed and recovery with a 
thorough segregation of grit, slag and 
dust, has been adapted for cleaning 
tubes in the range }-in. to 24-in. i.d. 
For cleaning large-bore straight tubes a 
rotary head comprising two rotating 
blast nozzles, driven by an air-motor 
has been developed. Vacu-blast Ltd., 

Bath Road, Slough, Bucks. 
BCE 3965 for further information 


The new Lagonda range of tube- 
cleaning equipment by Consolidated 
Pneumatic comprises three sizes of vane 
motors for cutting heads to deal with 
straight or curved tubes of from 4 in. to 
more than 6 in. id. The _ smallest 


motors, the 600 series, are designed for 
tubes of 


use on straight id. 0.495 





1.820 in. and curved tubes of i.d. 0.791- 
2.080 in., having a minimum radius of 
6in. The 1300 series is intended for 
cleaning in the tube range 13-3 in. i.d. 
for both straight and curved tubes. For 
tubes of over 44in., sleeves are fitted 
over the motors. The 1100 series is a 
range of heavy-duty motors for dealing 
with straight tubes only in the size range 
24-6 in. id. Consolidated Pneumatic Tool 
Co. Ltd., 232 Dawes Road, London, 
S.W.6. 

BCE 3966 for further information 


Filler for Frothing Liquids 

Designed primarily for the rapid dis- 
pensing of frothing liquids with ac- 
curacy, the Waddington-Duval can-filling 
machine may also be used for non- 
frothing liquids. Normally it is made of 
stainless steel, and one machine can 
dispense any number of different pro- 
ducts. The container to be filled is placed 
on the scale, which is set to the quantity 
required to an accuracy of 4%. The 
supply is cut off when the balance arm 
of the scale rises and interrupts a photo- 
electric cell. A filling lance is lowered to 
the bottom of the can before any liquid 
flows and the rate of flow is controlled 
so that filling starts quietly and con- 
tinues evenly, thus eliminating turbu- 
lence. For non-foaming liquids, the 
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BCE 3892 for further information 


New Sharples 
Cuper-D-Hydrators ; 


in the world’s most complete ' 








range of centrifuges j 

Even before the latest additions, Sharples was Y 

the most complete range of centrifuges in the Y 

world. Now it’s better than ever, with brand 

new models of Super-D-Hydrator. Z Enclosed type C27 
What do the new models mean ? The unique ] Super-D-Hydrator 

design features of the Super-D-Hydrator are of 7 

course retained. High centrifugal force, and Y 

completely automatic and continuous operation, ] 

continue to supply a solid foundation for the new j 

designs. To these basic characteristics are now j 

added increased capacities and ready availability 7 

for inspection, together with the refinements of 7 

totally enclosed operation for toxic hazardous j 

materials. Antibiotics can be handled most y 


successfully in a sterile version of the D-Hydrator, 
while special arrangements can be made for 
operation at either very high, or very low 
temperatures. Add up all these designs, and 
there’s a properly tailored answer for every 
problem of crystal dehydration. 

To Sharples world wide experience of some 
2500 D-Hydrator installations is now added 
greater flexibility of operation through the 
application of careful detailed design, which is 
the hall-mark, “ Sharples.” 

If your problem is the separating, washing and 
dehydration of any sort of crystal, and you 
desire consistency of product, combined with 
automatic and continuous operation, then you 
are invited to write to the address below or 
*phone Camberley 2601 and talk it over with 
Graham Jackson. 


SHARPLES 


SHARPLES CENTRIFUGES LTD., TOWER WORKS, DOMAN ROAD, 
CAMBERLEY, SURREY. Telephone: Camberley 2601 


oe 


Hinged-door type 
C41 Super-D-Hydrator 
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operation can be adjusted for full-flow 
filling from the start. Liquid Systems 
Ltd., Norwich Union House, Wellesley 
Road, Croyden. 

BCE 3967 for further information 


Cooled Mechanical Seal 

Flexibox have adapted their standard 
mechanical seal, type RR, to operate 
safely, they announce, at temperatures 
in excess of 800°F (427°C), and at 
pressures up to 800 psig (55 kg/cm’gge). 
It differs from the RR type in being 
fitted with a special cooled sleeve. 
Cooling water introduced by way of the 
seal plate is made to pass under the seal 
components and between the seal sleeve 
and the shaft. In effect, this forms a 
cooling jacket around the shaft, so main- 
taining the seal faces at a comparatively 
low running temperature, while the equip- 
ment itself is handling fluids at much 
higher temperatures. Flexibox Ltd., Nash 

Road, Trafford Park, Manchester, 17. 
BCE 3968 for further information 


Other Items 

An aluminium “pressure-vessel end in 
} in. B.A.28 (NPS/6) alloy of 4 ft 6 in. 
diameter, 4 ft crown radius, 6 in. inside 
knuckle radius, has been spun hot by 
Daniel Adamson & Co. Ltd. on their 
Presspun plant. The end is capable of 
withstanding a pressure of 170 psi. The 


British Aluminium Co. Ltd., Norfolk 
House, St. James’s Square, London, 
S.W.1. 


BCE 3969 for further information 


A new line of heavy-duty oil-tight 
control-units has - been announced by 
Igranic Electric Co. Ltd., Bedford. 

BCE 3970 for further information 


Four large-area scintillation counters 
with dual scintillators are used to detect 
simultaneously alpha and beta contamina- 
tion in the new hand and clothing moni- 
tor, type 1, developed by E.MLI. 
Electronics Ltd., Hayes, Middx. 

BCE 3971 for further information 


Instruments 


Analysing Instruments 


The new Solartron automatic X-ray 
fluorescent spectrometer XZ 736 indicates 
elements in mixtures, alloys and com- 
pounds, whether in solid, powdered or 
liquid form. The result may be presented 
as a curve on a recorder chart, or as a 
printed record of the number of quanta 
counted in a given time at each Bragg 
angle examined, and it is possible to 
generate a signal which will operate 
alarms or control a chemical process. 
The speed of operation depends on the 
required accuracy. A guide to maximum 
speed is given by the fact that reposi- 
tioning of the crystal and the counter 
takes less than 5 sec., so a rate of 15 
sec. per element can be achieved. Sensi- 
tivity is a function of the basic analysis 
problem involved, but in favourable 
cases 1 part in 10° can be detected. Ac- 
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curacy is proportional to number of 
counts taken, and an accuracy of 0.3 of 
content is said to be quite common. 
Solartron Industrial Controls  Ltd., 
Goodwyns Place, Tower Hill, Dorking, 


BCE 3972 for further information 


Analytical Measurements’ pu probe 
unit is supplied in a Bakelite case 
with hand and shoulder strap complete 
with plastic tubes of buffer KCI solu- 
tions. The meter is scaled from 2 to 12 
pH and a simple adjustment provides 
readings from 0 to 14. Accuracy to 0.1 
pu is obtainable. Analytical Measure- 
ments Ltd. Dome _ Buildings, The 
Quadrant, Richmond, Surrey. 

BCE 3973 for further information 


The new ETL-NPL automatic polari- 
meter is an_ electronically-controlled, 
self-balancing instrument containing no 
moving parts, and is based on an origi- 
nal design by the National Physical 
Laboratory. Its output can be fed into a 
pen recorder to display rotations, or into 
servo or digital systems for industrial 
control purposes. It is at least ten times 
more sensitive than visually-balanced 
polarimeters, the makers point out. 
Shorter sample cells may be used, there- 
fore, without sacrificing precision, and it 
is claimed that solutions with high ab- 
sorption can readily be measured with 
the instrument. The basic range of the 
instrument is +0.5 degree of angular 
rotation with an ultimate precision of the 
order of +0.002 degree of arc. By 
suitably offsetting the zero, the polari- 
meter can examine angular rotations 
within its range of +0.5 degree anywhere 
in the range 0 to +90 degrees. Ericsson 
Telephones Ltd., 22 Lincoln’s Inn Fields, 
London, W.C.2. 

BCE 3974 for further information 


The Argon chromatograph recently in- 
troduced by Pye makes possible, it is 
claimed, sensitivities in chromatography 
some 100,000 times greater than was 
previously attainable. W. G. Pye & Co. 
Ltd., Granta Works, Cambridge. 

BCE 3975 for further information 


A new range of gas analysers 
developed by Cambridge is based upon 
thermal conductivity, a property common 
precision-built katharometer which gives 
a flexible output in the form of an elec- 
trical signal. It has no moving parts. The 
company has also designed a portable 
corrosion voltmeter for locating and 
estimating corrosive action taking place 
on buried or immersed structures. Cam- 
bridge Instrument Co. Ltd., 13 Grosvenor 
Place, London, S.W.1. 

BCE 3976 for further information 


Thickness Gauges 


Accurate thickness measurement of 
metals in the range of 0.02-1 in. thick- 
ness is claimed for the new Ekco beta- 
excited X-ray gauge. X-rays are generated 
as Bremsstrahlung from a strontium-90 
source and a scintillation counter is em- 


ployed as the detector in place of the 
more usual ionisation chamber. The 
response time of the gauge can be ad- 
justed from 0.2 sec. to 30 sec. and the 
measurement accuracy obtainable with the 
fastest response time is 0.75% at 0.3-in. 
thickness, 1% at 0.1-in. thickness and 
1.5% at 0.02-in. thickness. 

BCE 3977 for further information 


Flame-failure Alarm 


The new Bailey acoustic flame-failure 
alarm is a transistorised, mains-operated 
device intended to work from the output 
of a microphone and to operate a warn- 
ing lamp or other alarm device when the 
invut falls by 30% or more below nor- 
mal, but not to operate the warning lamp 
when the input falls by 10% or less 
below normal. The characteristics are 
maintained for supply voltage variations 
of +124% and temperatures between 
10°-50°C. Bailey Meters & Controls Ltd., 
Purley Way, Croydon. 

BCE 3978 for further information 


Pipe Thickness-measurer 


The Ekco N563 gamma backscatter 
gauge is a self-contained portable equip- 
ment for measuring the thickness of 
pipe-walls or sheet materials when ac- 
cess is possible to one side only. It relies 
for its operation on the fact that when a 
beam of gamma-rays is allowed to im- 
pinge upon an object a fraction of them 
are scattered through more than 90 
degrees and are degraded in energy and 
reflected back to their point of origin. 
Two ranges of measurement are provided 

-0-0.25 in. and 0.2-0.75 in. Over a large 
part of the measurement range thick- 
ness may be determined to an accuracy 
of +5%. The radioactive source is 
cobalt-60. Ekeco Electronics  Ltd., 
Southend-on-Sea, Essex. 

BCE 3979 for further information 


Two-term Pneumatic Controller 
The Samson proportional integral con- 
troller recently introduced into Britain is 
a two-term pneumatic controller for use 
in conjunction with transmitters to con- 
trol any physical value. Desired value 
and actual value are led to the controller 
in the form of compressed air with pres- 
sures between 3 and 15 psi. The con- 
troller operates on the principle of pneu- 
matic balance. Samson are also making 
available their pneumatic controller— 
type 401TPP—with proportional (single 
term) control which has been in use in 
Germany for about 18 months. Samson 
Controls (London) Ltd., 19 Borough 
High Street, London, S.E.1. 
BCE 3980 for further information 


Liquid Flowmeter 


A new industrial flowmeter has been 
designed by Firth Cleveland to meter in 
terms of volumetric units or mass a wide 
range of liquids that are clean and not 
of high viscosity. The functioning of the 
flowmeter depends upon an electrical 
signal generated by the rotation of the 
turbine in the flow transmitter. The fre- 
quency of this signal varies as the volu- 
metric rate of liquid flow through the 
transmitter unit. This signal is fed to the 
electronic integrator unit which, in turn, 
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In the manufacture of Prolite tungsten-carbide 
tools, Murex Limited use Birlec adsorption 
dryers to remove water vapour from their 
electrolytic hydrogen supply. 

The hydrogen is dried to a dew-point of minus 
70°C for use in the reduction and sintering 
furnaces and the high quality of the product 
depends on the stringent moisture control. 

Birlec moisture adsorbers are available in a range 
of standard sizes for varied industrial applications 
including the drying of compressed air and the 
dehumidification of factories and stores. 
Illustration above:— 

Birlec adsorbers for hydrogen drying. 
Illustration right:— 

Electrolytic hydrogen plant at Murex Limited. 








DRYER DIVISION OF 
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An A.E.1. Company 
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provides two output signals which are 
proportional to flow rate and to the 
total quantity of liquid passed through 
the transmitter. These two signals are fed 
separately to a rate of flow indicator 
which is a milliameter, and to a totalis- 
ing indicator which can be an electro- 
mechanical counter with reset. As the 
flowmeter system is volumetric in prin- 
ciple, presentation in terms of mass units 
requires the addition of a density cor- 
rector. Firth Cleveland Instruments Ltd., 
Treforest, Pontypridd, Glamorgan. 

BCE 3981 for further information 


Radiation Pyrometer 

BTH are making available an infra- 
red radiation pyrometer type TRP. It 
comprises two units—the viewing head 
and the control unit—each housed in a 
stout metal case. The infra-red-sensitive 
element is a lead-sulphide cell, located 
behind a rotating “chopper” so that it 
is irradiated alternately by the heated 
surface under test and by a tungsten- 
filament comparison-lamp. The British 





Th Houst Co. Ltd. Rugby, 
England. 
BCE 3982 for further information 
Recorders 


A one-second across-the-chart pen 
speed is provided by the new Speedo- 
max H_ recorder. The _ instruments 
accuracy rating is +0.5% of electrical 
range. Integra, Leeds & Northrup Ltd., 
183 Broad Street, Birmingham, 15. 

BCE 3983 for further information 


In the new Taylor's recorder a 3-15 
psi transmitter signal is received and 
amplified by force balance _ servo- 
mechanisms. Spring feedback and a 
pneumatic motor provide ample power 
for pen positioning. Responsiveness to 
transmitter output is said to be 0.1%; 
and, because of the small pneumatic dis- 
placement of the input capsule, the res- 
ponse is practically instantaneous. The 
“set point transmitter” allows continuous 
automatic control during recorder 
removal. Taylor Controls Ltd., Forest 
Works, Hale End Road, Leytonstone, 
London, E.17. 

BCE 3984 for further information 


New Materials 


Polytetrafluoroethylene (P.T.F.E.) film 
is now available in England in an un- 
sintered form, permitting easy fabrica- 
tion into a range of products which can 
be built up by lapping. It is supplied as 
Bonnytape and is available in a range 
of colours, in widths from }{ to 3 in. 
and in thicknesses from 3 to 10 thou and 
is available from Durham Raw Materials 
Ltd., 1 Great Tower Street, London, 
E.C.3, sole selling agents for the manu- 
facturers. 

BCE 3985 for further information 


Epimastic is a new coating material 
formed by combining Bitumastic No. 
50, a processed coal-tar-derived compo- 
sition, with epoxy resin. It is being sup- 
plied by Wailes Dove for the protection 
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of steelwork, such as crude oil storage 
tanks, steam pipes and steelwork in 
chemical plant. Tests, the suppliers say, 
have shown that it is immune to petrol 
and diesel fuels and will resist acids, 
alkalis and “corrosive salts and chemi- 
cals”. It adheres to metal and concrete 
surfaces. Wailes Dove Bitumastic Ltd., 
Hebburn, Co. Durham. 

BCE 3986 for further information 


New Publications 


Two technical publications have been 
received from Sunvic Controls; namely, 
1241 and 1251. The former describes the 
Model 24 series Recording Control 
Station—-a miniature recorder which will 
continuously display three variables, one 
of which is recorded when the instrument 
is used as a control station. Publication 
1251 describes this company’s Model 25 
and 27 series of pneumatic and electric 
Liquid Level Controllers. Sunvic Con- 
trols Ltd., P.O. Box 1, Harlow, Essex. 

BCE 3987 for further information 


A new publication from Film Cooling 
Towers describes this company’s work in 
this field. Well illustrated and containing 
examples of cooling towers they have 
supplied to many industrial concerns at 
home and abroad, this publication will 
be of interest to many of our readers. 
Film Cooling Towers (1525) Ltd., Lionel 
Road, Brentford, Middlesex. 

BCE 3988 for further information 


An illustrated catalogue-cum-reference 
book on mechanical seals has recently 
been issued by Crane Packing. Subjects 
covered are: seal installations; seal 
design; temperature and pressure charts; 
seal selection guide; break-out torque 
and horsepower absorbed graphs which 
are based on actual running experience; 
and a component material guide cover- 
ing over 500 fluids. Crane Packing Ltd., 
Slough, Bucks. 

BCE 3989 for further information 


A new leaflet on their “Epicol” 650 
Black, an anti-corrosive coating based on 
coal tar and epoxy resins, has been sent 
to us by Bitulac Ltd. This coating is for 
the protection of pipes, storage tanks, 
all types of steelwork and concrete sur- 
faces. The company state that the coat- 
ing will withstand petroleum solvents, 
detergents, boiling water, etc. Bitulac 
Ltd., Collingwood Buildings, Newcastle 
upon Tyne, 1. 

BCE 3990 for further information 


What is believed to be the first com- 
prehensive publication dealing with the 
manufacture, modification and processing 
of polyvinyl acetate emulsions has just 
been issued by Vinyl Products Ltd. This 
is the first monograph produced by this 
company and contains test methods in an 
appendix for use in the determination of 
data on the company’s range of Vinamul 
emulsions. Vinyl Products Ltd., Butler 
Hill, Carshalton, Surrey. 

BCE 3991 for further information 


A lavishly illustrated publication by 
Mathew Hall on their range of fire-pro- 
tection equipment has been received. The 
efficiency of modern fire-fighting equip- 
ment is exemplified by a graphic story 
of the extinguishing of a 15,000-gallon 
tank of burning oil in four seconds. 
Mathew Hall & Co. Ltd., Dorset Square, 
London, N.W.1. 

BCE 3992 for further information 


Albright & Wilson have produced a 
booklet which gives “Facts” about the 
company and some of the larger manu- 
facturing companies within the group. 
Printed in three colours and illustrated 
by half-tones, the book provides a wealth 
of detail about the companies and pro- 
ducts manufactured by the group. 
Albright & Wilson Ltd., 1 Knightsbridge 
Green, London, S.W.1. 

BCE 3993 for further information 


A new and comprehensive catalogue 
of their laboratory equipment has been 
sent to us by Loughborough. The com- 
pany state that many new and interesting 
items have been added to this latest edi- 
tion and a new “Plastics” section has 
been included. Loughborough Glass Co. 
Ltd., Loughborough, Leicestershire, 
England. 

BCE 3994 for further information 


Simon-Carves are to be congratulated 
on their recently-issued book on their 
range of “Sulphuric Acid Plants”. To 
those of our readers interested in this 
field, this book will be of use as a 
reference work and as a comprehensive 
manual on the processes for sulphuric- 
acid production, recovery, concentration, 
etc. Simon-Carves Ltd., Cheadle Heath, 
Stockport, England. 

BCE 3995 for further information 


A booklet detailing the services offered 
by the B.C.P.M.A. to chemical plant 
manufacturers and chemical plant users 
will also prove of interest to firms who 
may be thinking about membership of 
this Association. British Chemical Plant 
Manufacturers Association, 14 Suffolk 
Street, London, S.W.1. 

BCE 3996 for further information 


“Serving the Oil and Chemical Indus- 
tries” is the title of a new brochure by 
Metal Propellers. It describes the wide 
range of products and services offered 
by the company. Metal Propellers Ltd., 
74 Purley Way, Croydon. 

BCE 3997 for further information 


The Hollerith Group of Companies, 
which manufacture punched card and 
computing equipment, have _ recently 
issued a Golden Jubilee issue of The 
Tabulator which, while it commemorates 
a highlight in the company’s history, also 
celebrates the attainment of The Tabu- 
lator’s majority. This issue contains the 
story of the birth and growth of a com- 
pany which began life with only four 
employees. How the modern electronic 
computing machine is gradually “fitting- 
in” in industry and the type of applica- 
tions which Hollerith equipment can be 
applied to are discussed. The British 
Tabulating Machine Co. Ltd., 17 Park 
Lane, London, W.1. 

BCE 3998 for further information 
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The complete range of our 





activities covers all aspects 





of the building of petroleum, 
chemical and allied plants and 
equipment. The services available 
operate from the inception 

of the project to the 
commissioning and handing over 
of the complete operating plant. 
Within the company are experts 
capable of handling every phase 


of such a programme and putting at 





your disposal any or all of 








these ten vital steps to project completion. @ ENGINEERING @ SHIPPING 
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Month’s News in Brief 


Europe’s First Beryllium Plant to be 
Established in Great Britain 

Imperial Chemical Industries Ltd., 
Metals Division, is to establish in Britain 
the first plant in Europe for the produc- 
tion of wrought beryllium. The plant is 
designed to produce  semi-fabricated 
forms of the metal, such as rod, tube 
and plate, and finished machined parts. 
Its first task will be the execution of a 
production-scale contract placed with 
LC.I. by the United Kingdom Atomic 
Energy Authority (Industrial Group) as 
part of a nuclear development project. 
Subsequent spare capacity may find addi- 
tional outlets for this unusual metal, as, 
for example, in the aircraft industry. 
Beryllium, which has a melting point of 
1280°C, is light in weight, has good 
mechanical properties and good corro- 
sion resistance to carbon dioxide at ele- 
vated temperatures. In addition, 
beryllium has by far the lowest neutron 
absorption cross-section of any of the 
possible constructional metals. For this 
reason, the U.K.A.E.A. intends to use 
beryllium fuel cans in its advanced gas- 
cooled reactor, in which fuel element 
surface temperatures as high as 600°C 
are planned. Some unusual features are 
involved in the manufacture of wrought 
forms of beryllium. The metal, which 
is received as flake or as small beads, is 
melted under vacuum in_ induction 
furnaces to produce an ingot. This is 
really a refining process: the cast ingot, 
having a large grain size and very poor 
workability, cannot be rolled or extruded 
directly in the same way as conventional 
metals are. It has to be made into fine 
powder which is then heated and com- 
pacted (“sintered”) under vacuum to 
produce the various shapes required for 
further processing by conventional plant. 
From the viewpoint of the engineering 
designer, the metal’s most attractive 
property is its high strength/ weight ratio; 
it has a density little more than half that 
of aluminium and a stiffness four times 
as great. 


Esso’s New “Grass Roots”’ Refinery 

Esso Petroleum Ltd., an affiliate of 
Standard Oil (N.J.), has announced sign- 
ing a contract with Foster Wheeler Ltd. 
for the construction of a 100,000-BPSD 
“grass roots” refinery at the deep-water 
port of Milford Haven, Wales. The new 
refinery will be located on a 350-acre 
tract, formerly farm land. It will be 
served by a 3500-ft tanker jetty capable 
of accommodating 100,000-ton super- 
tankers. It is expected that the project 
will reduce imports of finished petroleum 
products substantially. The new refinery, 
along with the Esso refinery at Fawley 
(also built by Foster Wheeler and cur- 
rently being expanded to 220,000 BPSD), 
is capable of suoplying approximately 
37% of Britain's domestic petroleum 
needs. Cost of the refinery, tankage and 
deep-water port facilities will be about 
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$50 million. The refinery phase is ex- 
pected to take a little over two years to 
build. The refinery process units will 
include a 100,000-BPSD atmospheric dis- 
tillation unit including naphtha splitter 
and stabiliser; a 16,500-BPSD blocked 
operation power former; a 16,500-BPSD 
gas oil hydrofiner; a 31,500-BPSD gas 
oil-drying unit (electric coalescer); and 
copper chloride sweetening facilities. 


Crosfield’s New Chemicals Building 

Ten months after the announcement 
of the Crosfield £5-million rebuilding 
programme the foundation stone of the 
new chemicals building was laid on 
September 10. The ceremony was per- 
formed by Mr. R. E. Huffam, M.C., a 
director of Unilever Ltd. and a former 
director of Joseph Crosfield & Sons Ltd., 
and attended by the Deputy Mayor, 
Councillor H. G. Brandwood, and Canon 
J. C. Longbottom, Rector of Warrington. 
Dr. J. E. Taylor, chairman, and the 
directors of Joseph Crosfield & Sons 
Ltd. escorted the visitors. 

The new building, to cost £1 million, 
will be in full operation by July of next 
year. It will concentrate initially on the 
manufacture of alkaline detergents and 
silica gel to satisfy an increasing demand 
for these products: one of the principal 
raw materials will be supplied from the 
silicate plant which was itself working 
under extreme pressure until the open- 
ing of a new pvlant at Bow in November, 
1957. The somewhat traditional exterior 
of the new building will house every 
relevant aid to production at present 
available to industry, and extensive auto- 
matic process control and instrumenta- 
tion will be installed. 


£1-million Contract for A. & H. 

Allen & Hanburys have won a con- 
tract to set up in Iran a £1-million 
factory to produce pharmaceutical pro- 
ducts. The factory will be sited 15 kilo- 
metres outside Tehran. The contract is 
with the Imperial Welfare (Darou 
Pakhsh) Organisation, and it is intended 
that the new factory will do much to 
improve the welfare facilities and to 
establish a pharmaceutical industry in 
the country. 


News Briefs 


Birlec Ltd. announce that a Johannes- 
burg branch office, under the manage- 
ment of Mr. S. G. King, has now been 
formed. Situated between Boksburg and 
Benoni, the new branch will deal with all 
inquiries, including project design and 


engineering service work. The postal 
address is P.O. Box 99, Witfield, 
Transvaal. 

Three British engineering firms, The 
Power-Gas Corporation Ltd., John 
Thompson Ltd. and Humphreys & Glas- 
gow Ltd., announce that they have 


formed a new company to be known as 


the Nuclear Chemical Plant Ltd., which 
will be concerned with the design and 
engineering of process and treatment 
plant for the nuclear industry. 

The whole of the ordinary share capi- 
tal of Air Control Installations Ltd. has 
been acquired by Beyer Peacock & Co. 
Ltd., of Gorton, Manchester. The general 
policy of the company will remain un- 
changed, and it will continue to manu- 
facture its wide range of air treatment 
equipment. 

In the article “Chemical Processing of 
Wood and Wood Waste”, by Dr. V. R. 
Gray, British Chemical Engineering, 
1958, 8, 425, the word Cellophane was 
used in error for viscose fabricated into 
sheets. The term Cellophane is a regis- 
tered trade-mark of British Cellophane 
Ltd., Bath Road, Bridgwater, Somerset, 
and it is used to denote a brand of cellu- 
lose film manufactured and sold by them. 

Aerox Ltd., Lister Place, Hillington, 
Glasgow, S.W.2, and Doutton INpbus- 
TRIAL PORCELAINS LTD., Doulton House, 
Albert Embankment, London, S.E.1, 
were the exhibitors of the air-slide 
principle referred to on page 439 of the 
same issue. The pressure of the air used 
in the slide was 7in.w.g., and not as 
stated. The synthetic resin processing 
vessel in stainless steel (page 440) was 
shown by T. Giustt & Son Ltp., 210 
York Way. London, N.7, and not as 
stated. 

The Lincolnshire Chemical Co. Ltd. 
works at Scunthorpe are to be moved 
from their present site adjoining 
Lysaght’s steelworks. The move, dictated 
by the needs of the steelworks, will 
allow for the plant to be modernised. 
The change-over is to be carried out 
while maintaining production and the 
responsibility for co-ordination has been 
entrusted to Cremer & Warner, Consult- 
ing Chemical Engineers. Mr. A. B. Bluns- 
den, general manager and _ director, 
initiated the proposals and is responsible 
for the company. 

The current issue of the Transactions of 
the Institution of Chemical Engineers 
(Vol. 36, No. 4, 1958) contains the fol- 
lowing papers: “Science and the State”, 
by Sir Hugh Beaver; “Heat Transfer in 
Scraped Vessels and Pipes Handling Vis- 
cous Materials”, by J. Kool; “A Statisti- 
cal Approach to Catalyst Development, 
Part Il: The Integration of Process and 
Catalyst Variables in the Vapour Phase 
Oxidation of Naphthalene”, by N. L. 
Franklin, P. H. Pinchbeck and F. Pop- 
per; “Sedimentation and Fluidisation; 
Part Il: Heat Transfer from a Tube 
Wall to a Liquid-fluidised System”, by 
J. F. Richardson and A. E. Mitson; 
“Mass Transfer between Fluidised 
Particles and Gas”, by J. F. Richardson 
and A. G. Bakhtiar; “The Turbulent 
Flow of Suspensions in Tubes”, by A. D. 
Maude and R. L. Whitmore; and “Use 
of Digital Computers in Planning Plant 
Operations”, by D. A. Caplin. 
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We are helping the chemical industry to 
discover new uses for PTFE every day. Its 
advantages for pipes, conduits, liners, mould- 
ed and machined components have always 
been obvious, but up to now the principal 
bottleneck has been the difficulty of producing 
it in the required shapes. 

Siemens Ediswan, first and certainly the 
largest fabricators of PTFE in this country, 
have developed their facilities for extruding 
and machining PTFE into practically every 
basic form or shape required by makers cr 
users of chemicals. If there is a process in your 
plant where product adhesion, corrosion, or 
solvent action is causing hold-ups and fre- 
quent replacement, send us particulars of the 
trouble. It is almost certain that we can help 
you. In any event, you ought to have the 
Siemens Ediswan brochure on PTFE by you 
for reference. We shall be delighted to send 


you a copy. 





SIEMENS EDISON SWAN LIMITED 
An A.E.1. Company * P.D.17, 155 Charing Cross Road, London, WC2 





nothing* 
dissolves 
corrodes 
sticks to 
PTFE 


* 


The one exception does not 
occur in normal 
industrial chemical processes. 
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for Fluid Distribution 
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SOLE MANUFACTURERS 
3234, WHITEHORSE ROAD, CROYDON, 


G. A. PLATON LTD. 


SURREY 


“ELOSTATS"™ 1,2, 3 accurately 
apportion the total supply to 
depts. A, B, C. 

Dept. A is extensive and re- 
mote users are starved when 
a large user near the supply 
point consumes wastefully. A 
““FLOSTAT”’ here prevents 
wastage and ensures equitable 
distribution. 

Dept. B originally supplied for 


The Flostat combines in one body a 
differential-pressure flow meter and a> Py 
double-beat control valve. It is operated 
by the pressure energy of the fluid, and 
requiries no outside power supply. 


WHICH IS 


SELF-ACTING 


four users, finds an additional 
requirement. This is tolerable 
only if the new use is rigidly 
limited by fitting a 
*“FLOSTAT”’. 

Dept. C has six machines each 
requiring exactly one-sixth of 
the available volume. 
““FLOSTATS”’ fitted to each 
machine, deliver the required 
flow no matter how many 
machines are in use. 











Technical Service for 


ae @lasicels 





October, 1958 


Telephone : 


BCE 3896 for further information 
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The Institute of Metals celebrates its 
golden jubilee this year. The occasion 
will be noted by a special jubilee autumn 
meeting to be held in Birmingham from 
September 22 to 26. Details of the pro- 
gramme can be obtained from the Secre- 
tary of the Institute, 17 Belgrave Square, 
London, S.W.1. 

Paripan Ltd.’s new registered office and 
head office address is P.O. Box No. 10, 
Egham, Surrey. 


People in the News 


Dr. W. Angus Macfarlane has been 
appointed managing director of the 
National Industrial Fuel Efficiency Ser- 
vice. Prior to joining N.I.F.E.S. in Feb- 
ruary, 1954, as its chief executive, Dr. 
Macfarlane was Scientific Attaché at the 
British Embassy and head of the United 
Kingdom Mission in Washington. 

Sharples Centrifuges Ltd. have 
announced the appointment of Dr. 
Alan J. Hayter as director in charge of 
their Technical and Sales Division. In his 
new appointment, Dr. Hayter will be 
based at Tower Works, Camberley, and 
will be responsible for the technical and 
sales aspects of Sharples’ work in the 
United Kingdom and Northern Europe. 

Mr. T. Morrison has been appointed 
instrument sales manager for the United 
Kingdom of the Solartron Electronic 
Group Ltd. and the sales areas have been 
reorganised into three regional groups 
under Mr. Dennis P. Taylor, South- 
Western Region, Mr. David R. Hall, 
South-Eastern, and Mr. Terry Blacklock, 
North of England and Scotland 
respectively. 

Sir Clinton Pelham and Sir Percy 
Sillitoe have joined the board of the 
Industrial Exchange Ltd. to assist Mr. 
W. J. Fischbein, chairman and managing 
director, in a project for the supply of 
chemical and ~ petrochemical plants to 
Commonwealth countries on a _ seven- 
year credit basis. Mr. Fischbein has 
resigned from his position as managing 
director of the Bartrev Board Co. in 
order to devote more time to his other 
business interests, and has been suc- 
ceeded in this position by Mr. F, L. 
Cole. 

Mr. N. J. Travis has been appointed 
to the board of Borax (Holdings). 

Dr. J. S. McPetrie has been appointed 
Director-General of Electronics Research 
and Development, Ministry of Supply, 
in succession to Dr. D. H. Black. 

Sir James Gray, Professor of Zoology 
at Cambridge University, has been 
elected President of the British Associa- 
tion for the Advancement of Science, in 
succession to Sir Alexander Fleck. Sir 
James takes office in January next. 

Stockdale Engineering Ltd., construc- 
tional chemical engineers of Poynton, 
Cheshire, announce that Mr. G. P. Bal- 
four has been appointed mananging 
director. Mr. Balfour, who is 38, gained 
his early experience in production and 
process development in the field of metal 
powder manufacture. He was later con- 
cerned with oil refinery design, ranging 
from individual equipment to complete 
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refineries. For the past ten years he has 
worked on methods of liquid/solid and 
liquid/liquid separation. From 1952 he 
was managing director of Sharples Cen- 
trifuges Ltd., Camberley, Surrey. Stock- 
dale also announce the appointment of 
Mr. Ian MacLeod as technical director. 
A mechanical engineer by training, his 
experience over the last 20 years has 
been mainly in chemical engineering. Mr. 
MacLeod will devote most of his energies 
to the development of the company’s 
new range of agitation equipment and 
their well-known engineering services to 
process industries. 





S. Hopton G. P. Balfour 


A new company—Chemical Equipment 
Engineering Co.—has been established at 
Macclesfield, Cheshire, by Mr. S. Hopton. 
The firm will be concerned with the 
design and erection of process plants, 
solvent recovery plants, agitation and 
mixing equipment and rotary vacuum 
filtration equipment. Design and con- 
struction of froth flotation plant for the 
cleaning of fine coal will be another 
important activity. Mr. S. Hopton intends 
to develop plant and equipment of par- 
ticular interest to chemical manufac- 
turers. The address of the Chemical 
Equipment Engineering Co. is Stanley 
Hall Chambers, Castle Street, Maccles- 
field, Cheshire. Tel. Macclesfield 4241. 

The Fisher Governor Co. Ltd. (a 
member of the  Elliott-Automation 
Group) announces that Mr. W. J. Pear- 
son has been appointed sales manager 
for the continental range of butterfly 
valves which the company is now manu- 
facturing in England. 

Mr. P. S. Beale has been appointed 
a director of The British Oxygen Co. 
Ltd.. and Mr. R. J. Barritt has been 
appointed chief executive, Engineering 
Division, The British Oxygen Co. Ltd. 

Two members of the staff of the 
Balfour Group have been appointed to 
the board of directors of Ernest Scott & 
Co. Ltd. and George Scott & Son 
(London) Ltd. They are Mr. T. S. Ling 
and Mr. A. C. Bureau. Mr. Bureau is 
also director and general manager of 
Balfour Lecocgq Ltd. and gas consultant 
to Henry Balfour & Co. Ltd. Mr. Ling is 
in charge of the Rietz Division of 
George Scott & Son (London) Ltd. 


Meetings of the Month 


Incorporated Plant Engineers 
October 1. Leicester Branch: At the 
Bell Hotel. “What Management Expects 
of the Plant Engineer”, by W. J. Wors- 
dell. 7 p.m. 


October 2. Southern Branch: At the 
Polygon Hotel, Southampton. Dis- 
cussions: “Safety Precautions”, led by 


A. Simmonds, and “Preventive Main- 
tenance”, led by F. V. Woods. 7 p.m. 
October 8. East Midlands Branch: At 


the Sherwood Room, County Hotel, 
Theatre Square, Nottingham. “Field 
Work in Atmospheric Pollution”, by 


D. G. Lucas. 7 p.m. 

October 9. Glasgow Branch: At the 
Scottish Building Centre, 425/427 
Sauchiehall Street. “Corrosion”, by F. S. 
Bricknell. 7.15 p.m. 

October 15. Kent Branch: At the 
King’s Head Hotel, High Street, 
Rochester. “Ultrasonics in Industry”, by 
Commander V. J. Copley-May. 7 p.m. 


Society of Instrument Technology 

September 30. At Manson House, 
Portland Place, London, W.1. “Fre- 
quency Response Analysis Using Describ- 
ing Function Method”, by Prof. J. C. 
West. 5.30 p.m. 

October 3. Fawley Section: At Cop- 
thorne House, Fawley. “The Evaluation 
of Instruments for Chemical Processes”, 
by D. M. Bishop. (Time to be 
announced.) 

October 2. Grangemouth Section: At 
Leapark Hotel, Grangemouth. “Data 
Loggers”, by H. Williamson. 7 p.m. 

October 10. Midland Section: At 
Regent House, St. Phillipps Place, Col- 
more Row, Birmingham, 3. “Instrumenta- 
tion in the Oil Industry”, by A. Cowan. 
7 p.m. 

October 15. Newcastle Section: At 
King’s College, Stephenson Buildings, 
Newcastle upon Tyne. “The Progress of 
Temperature Measurement in Industry”, 
by R. Postle. 7 p.m, 

October 15. Tees-side Section: At the 
Cleveland Scientific and Technical Insti- 
tute, Corporation Road, Middlesbrough. 
“A Quantitative Approach to Level 
Control”, by R. Jackson. 7.30 p.m. 


Coming Events 


Home 

September 23. Senior Executives’ 
Course on Radioisotopes: At the Har- 
well Isotope School, Harwell, until Sep- 
tember 26. 

September 24. Joint Conference on 
Mass Spectroscopy organised by the 
Hydrocarbon Research Group of the 
Institute of Petroleum and Committee 
E-14 of the American Society for Testing 
Materials: At the William Beveridge 
Hall, Senate House, University of 
London, until September 26. 

September 24. Fuel Efficiency Exhibi- 
tion: At Olympia, London, until October 
3. 


Overseas 

September 15. Thirteenth Instrument 
and Automation Conference and Exhibi- 
tion: At Philadelphia Convention Hall, 
Philadelphia, U.S.A., until September 19. 

September 29. Solar House Symposium 
organised by the _ Association for 
Applied Solar Energy: At Phoenix, 
Arizona, U.S.A., until October 1. 
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